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(54) Ink jet recording head and ink Jet recording apparatus comprising the same 

(57) An ink jet recording head comprises pressure 
generating chambers communicating with associated 
nozzle orifices and piezoelectric elements provided in a 
one-to-one correspondence with the pressure generat- 
ing chambers. Each of the piezoelectric elements com- 
prises a lower electrode provided in an area 
con-esponding to the pressure generating chamber via 
an insulating layer, a piezoelectric layer provided on the 
low^ electrode, and an upper electrode provided on a 
surface of the piezoelectric layer. Each of the piezoelec- 
tric elements includes an active part provided in an area 
facing the pressure generating chamber to be driven ^ ^ v 

suk)stantialiy, and an inactive part not to be driven even 
having the piezoelectric layer continued from the active 
part 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This Invention relates to an ink jet recording 
head wherein a piezoelectric element Is formed via a 
diaphragm in a part of each of pressure generating 
chambers communicating with nozzle orifices for jetting 
ink drops and ink drops are jetted by displacement of 
the piezoelectric element, and an ink jet recording appa- 
ratus comprising the Inkjet recording head. 
[0002] The following two types of ink jet recording 
heads, each wherein a part of a pressure generating 
chamber communicating with a nozzle orifice for jetting 
an ink drop is formed of a diaphragm and the diaphragm 
is deformed by a piezoelectric element for pressurizing 
ink in the pressure generating chamber for jetting an ink 
drop through the nozzle orifice, are commercially practi- 
cal: One uses a piezoelectric actuator in a vertical vibra- 
tion mode in which the piezoelectric element is 
expanded and contracted axially and the other uses a 
piezoelectric actuator in a deflection vibration mode. 
[0003] With the former, the volume of the pressure 
generating chamber can be changed by abutting an end 
face of the piezoelectric element against the diaphragm 
and a head appropriate for high-density printing can be 
manufactured, but a difficult step of dividing the piezoe- 
lectric element like comb teeth matching the arrange- 
ment pitch of the nozzle orifices and work of positioning 
and fixing the piezoelectric element divisions in the 
pressure generating chambers are required and the 
manufacturing process is conrtplicated. 
[0004] In contrast, with the latter, the piezoelectric ele- 
ment can be created and attached to the diaphragm by 
executing a comparatively simple process of puffing a 
green sheet of a piezoelectric material matching the 
form of the pressure generating chamber and baking it. 
but a reasonable area is required because deflection 
vibration is used: high-density arrangement is difficult to 
make. 

[0005] On the otiier hand, to solve the problem of the 
latter recording head, Japanese Patent Publication No. 
5-2861 31 A proposes an art wherein an even piezoelec- 
tric material layer is formed over the entire surface of a 
diaphragm according to a film formation technique and 
is divided to a form corresponding to a pressure gener- 
ating chamber according to a lithography technique for 
forming a piezoelectric element separately for each 
pressure generating chamber. 

[0006] This eliminates the need for work of puffing the 
piezoelectric element on the diaphragm and the piezoe- 
lectric element can be created by the lithography 
method, an accurate and simple technique. In addition, 
the piezoelectric element can be thinned and high- 
speed drive is enabled. 

[0007] In this case, with the piezoelectric material 
layer provided on the whole surface of the diaphragm, at 
least only upper electrodes are provided in a one-to-one 



correspondenc with the pressure generating cham- 
bers, whereby the piezoelectric element corresponding 
to each pressure generating chamber can be driven. 
However, it is desiratile that each active part of piezoe- 

5 lectric element consisting of a piezoelectric layer and 
upper electrode is formed so as not to be b yond the 
pressure generating chamber because of problems of 
the displacement amount per unit drive voltage and 
stress placed on the piezoelectric layer in tiie portion 

10 straddling the portion facing the pressure generating 
chamber and tiie outside thereof. 
[0008] Then, a structure is proposed wherein the pie- 
zoelectric element corresponding to each pr^sure gen- 
erating chamt>er is covered with an insulation layer and 

15 the insulation layer is formed with windows each for 
forming a connection part to a lead electrode for supply- 
ing a voltage for driving each piezoelectric element, 
which will be hereinafter refen-ed to as contact holes, in 
a one-to-one corresporxlence with the pressure gener- 

20 ating chambers, and the connection part of each piezo- 
electric elemerrt and lead electrode is formed in tiie 
contact hole. 

[0009] However, in the structure wherein the contact 
holes for connecting the upper electrodes and the lead 

25 electrodes are made, the whole film of ttie portion 
where the contact hole is made becomes tiiick and the 
displacement characteristic is degraded. 
[0010] With the ink jet recording head as described 
above, a structure wherein tiie diaphragm in the portion 

30 corresponding to both sides of the piezoelectric element 
is thinned is proposed to improve the displacement effi- 
ciency provided by drive of the piezoelectric element. 
However, if large displacement is thus provided, partic- 
ularly the tendency of destruction of a crad^, etc., to 

35 easily occur in the proximity of the contact hole is pro- 
moted. 

[001 1 ] Further, the problems easily occur particularly 
if a piezoelectric material layer is formed according to a 
film formation technique, because the piezoelectric 
40 material layer formed according to the film formation 
technique is very thin and thus has low rigidity as com- 
pared with a layer where a piezoelecti^'ic element is 
mounted. 



[001 2] It is therefore an object of the present invention 
to provide an ink jet recording head for preventing 
destruction of a piezoelectric layer in the boundary 
between a pressure generating chamber and a periph- 
eral wall, and an ink jet recording apparatus comprising 
the ink jet recording head. 

[001 3] In order to achieve tiie above object, according 
to a first aspect of the present invention, there is pro- 
vided an ink jet recording head comprising: pressure 
generating chambers communicating with associated 
nozzle orifices: and piezoelectric elements provided in a 
one-to-one con'espondence with the pressure generat- 
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ing chambers, each of the piezoelectric elements com- 
prising a lower electrode provided in an area 
corresponding to the pressure generating chamber via 
an insulating layer, a piezoelectric layer provided on the 
low^ electrode, and an upper electrode provided on the 5 
piezoelectric layer, each active area of the piezoelectric 
elements provided in an area facing the pressure gener- 
ating chamber, and each inactive part of the piezoelec- 
tric elements not to be driven even having the 
piezoelectric layer continued from the active part. 
[0014] In the first aspect, when the active part of pie- 
zoelectric element is driven, displacement in the bound- 
ary between the pressure generating chamber and the 
peripheral wall is suppressed by the inactive part of pie- 
zoelectric element and peeling of the piezoelectric film, 
occurrence of a crack, and the like are prevented. 
[0015] In a second aspect of the present invention, 
crystal directions of the piezoelectric layer are oriented. 
[0016] In the second aspect, the piezoelectric layer is 
formed in a thin film process, so that the crystal direc- 
tions are oriented. 

[0017] In a third aspect of the present invention, the 
piezoelectric layer has a columnar crystalline structure. 
[0018] In the third aspect, the piezoelectric layer is 
formed in a thin film process, so that piezoelectric layer 
has a columnar crystalline structure. 
[0019] In a fourth aspect of the present invention, the 
inactive part is extended from the inside of the area fac- 
ing the pressure generating chamber to the outside of 
the area. 

[0020] In the fourth aspect, the upper electrode of the 
active part or the lead electrode can be extended to the 
outside of the area facing the pressure generating 
chamber without forming a contact hole; wiring can be 
formed comparativety easily 

[0021 ] In a fifth aspect of the present invention, in the 
ink jet recording head in any of the first to fourth 
aspects, the lower electrode is removed to form the 
inactive part, and either the upper electrode or a lead 
electrode connected thereto is extended to the top of a 
peripheral wall of the pressure generating chamber 
through the inactive part 

[0022] In a sixth aspect of the present invention, in the 
ink jet recording head in any of the first to fourth 
aspects, an end portion of the upper electrode is posi- 
tioned inside from an end portion of the lower electrode 
to be an end portion of the active part. The piezoelectric 
layer is provided on the lower electrode projecting to the 
outside from the end portion of the upper electrode, 
forming the inactive part, and is also provided outside 
the end portion of the lower electrode. 
[0023] In the sixth aspect a distance can be kept 
between the end portion of the active part and the end 
portion of the upper electrode, and a dielectric break- 
down caused by concentration of an electric field, etc., 
at the end portion in the longitudinal direction of the 
active part is prevented. 

[0024] In a seventh aspect of the present invention, in 



the ink jet recording head in any of the first to sixth 
aspects, the inactive part of piezoelectric element is 
provided continuously at on end portion in the longitu- 
dinal direction of the active part of piezoelectric ele- 
ment. 

[0025] In the seventh aspect, peeling, occun'ence of a 
crack, and the like at the end portion in the longitudinal 
direction of the active part of piezoelectric element are 
prevented. 

[0026] In an eighth aspect of the present invention, in 
the ink jet recording head in the seventh aspect, the 
width of the inactive part at least in the proximity of a 
portion crossing the boundary between an end portion 
and the peripheral wall of the pressure generating 
chamber is narrower than the width of the active part. 
[0027] In the eighth aspect, the displacement charac- 
teristic in the area facing the t^oundary between the 
pressure generating chamber and its peripheral wall is 
enhanced. 

[0028] In a ninth aspect of the present invention, in the 
Inkjet recording head in the seventh aspect, the width of 
the inactive part at least in the proximity of a portion 
crossing the boundary between an end portion and the 
p^ipheral wall of the pressure generating chamber is 
wider than the width of the pressure generating cham- 
ber. 

[0029] In the ninth aspect, the rigidity of a diaphragm 
in the proximity of the end portion of the pressure gen- 
erating chamber is held high and destruction of the dia- 
phragm by driving the active part is prevented. 
[0030] In a tenth aspect of the present invention, in the 
Inkjet recording head in any of the first to ninth aspects, 
a displacement suppression layer for suppressing dis- 
placement of the active part is provided in an area fac- 
ing the boundary between the active part and the 
inactive part. 

[0031 ] In the tenth aspect, displacement of the active 
part at the end portion thereof is suppressed and 
destruction of the diaphragm by driving the active part is 
prevented. 

[0032] In an eleventh aspect of the present invention, 
in the ink jet recording head in any of the first to tenth 
aspects, the lower electrode is provided continuously to 
the area facing partitions on both sides in the width 
direction of the pressure generating chamber and adja- 
cent pressure generating chambers. 
[0033] In the eleventh aspect, the rigidity of the dia- 
phragm at both end portions in the width direction of the 
pressure generating chamber is held high and the dura- 
bility of the diaphragm is enhanced. 
[0034] In a twelfth aspect of the present invention, in 
the ink jet recording head in any of the first to tenth 
aspects, the inactive part is provided in one longitudinal 
end portion of the piezoelectric element. The lower 
electrode is provided so that both end portions in the 
width direction of the lower electrode are positioned in 
the pressure generating chamb^ together with both 
end portions in the width direction of the piezoelectric 
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layer, and is extended from the other longitudinaJ end 
portion of the piezoelectric element to the top of the 
peripheral wall of the pressure generating chamber. 
[0035] In the twelfth aspect, a distance can be kept 
between the end portion of the active part and the end s 
portion of the upper electrode, and a dielectric break- 
down caused by concentration of an electric field, etc., 
at the end portion in the longitudinal direction of the 
active part is prevented. 

[0036] In a thirteenth aspect of the present invention, 
in the Ink jet recording head in any of the first to eleventh 
aspects, the area facing the pressure generating cham- 
ber other than the inactive part is covered with the lower 
electrode. 

[0037] In the thirteenth aspect, the end p)ortion of the 
lower electrode does not exist in the sunoundings of the 
lower electrode pattemed in the pressure generating 
chamber, thus discharge is hard to occur and a dielec- 
tric breakdown of the piezoelectric layer is prevented. 
[0038] In a fourteenth aspect of the present invention, 
in the ink jet recording head in any of the fifth to thir- 
t enth aspects, the width of the removed lower elec- 
trode below the inactive part is narrower than the width 
of the pressure generating chamber. 
[0039] In the fourteenth aspect, a dielectric break- 
down of the piezoelectric layer is prevented without 
degrading the rigidity in the proximity of the end portion 
of the pressure generating chamber. 
[0040] In a fifteenth aspect of the present invention, in 
the ink jet recording head in the thirteenth aspect, the 
inactive part is extended from a substantially central 
part of the pressure generating chamber In the longitu- 
dinal direction thereof on one peripheral wall in the 
width direction of the pressure generating chamber. 
[0041 ] In the fifteenth aspect, a voltage can be applied 
to the central part In the longitudinal direction of the 
active part and the drive loss of the active part is sup- 
pressed. 

[0042] In a sixteenth aspect of the present invention, 
in the Inkjet recording head in any of the thirteenth to fif- 
teenth aspects, the removed portion of the lower elec- 
trode below the inactive part is shaped substantially into 
a circle. 

[0043] In the sixteenth aspect, the electric field 
applied to the part between the upper electrode and the 
lower electrode in the boundary between the end por- 
tion and peripheral wall of the pressure generating 
chamber is dispersed more widely and a dielectric 
breakdown of the piezoelectric layer is prevented. 
[0044] In a seventeenth aspect of the present inven- 
tion, in the Inkjet recorcfing head in any of the thirteenth 
to sixteenth aspects, the direction in which a margin of 
the upper electrode crosses from the top of the lower 
electrode to the top of the lower electrode removed por- 
tion is different from the direction in which the upper 
electrode Is extended to the top of the peripheral wall of 
the pressure generating chamber. 
[0045] In tine seventeenth aspect, the electric field 



applied to the part between the upper electrode and the 
lower electrode in the boundary between the end por- 
tion and peripheral wall of the pressure generating 
chamber Is dispersed reliably and a cfielectric break- 
down of the piezoelectric layer Is prevented reliably. 
[0046] In an eighteenth aspect of tfie present inven- 
tion, in the ink jet recording head in any of the first to 
seventeenth aspects, the width of the lower electrode in 
a portion facing the boundary of the active part and the 
inactive part is narrower than any other portion. 
[0047] In the eighteenth aspect a dielectric break- 
down between electrodes in the portion where the pie- 
zoelectric layer and the upper electrode are extended 
from the inside of the area of the pressure generating 
chamber to the outside of the area. 
[0048] In a nineteenth aspect of the present invention, 
In the ink jet recording head in the eighteenth aspect, at 
least the distal end of the narrowed portion of the lower 
electrode is narrower than the piezoelectric layer and 
the upper electrode of the Inactive part 
[0049] In the nineteenth aspect, at least the distal end 
of the narrowed portion is covered with the piezoelectric 
layer and insulated from the upper electrode reliably. 
[0050] In a twentieth aspect of the present invention, 
in the ink jet recording head in the eighteenth aspect, 
the whole of the narrowed portion of the lower electrode 
is narrower than the piezoelectric layer and the upper 
electrode of the inactive part. 

[0051] In the twentieth aspect, the whole narrowed 
portion is covered with the piezoelectric layer and the 
narrowed portion of the lower electrode and the upper 
electrode are insulated reliably. 
[0052] In a twenty-first aspect of the present invention, 
in the ink jet recording head in tiie eighteenth aspect, 
the width of the narrowed portion of the lower electrode 
Is wider than that of the piezoelectric layer and the 
upper electrode of the inactive part. The distance 
between an end face in the width direction of the nar- 
rowed portion and an end face in the width direction of 
the upper electrode is atxsut 10 p.m or less. 
[0053] In the twenty-first aspect, a predetermined or 
shorter distance is kept between the lower electrode 
and the upper electrode, whereby discharge between 
both the electrodes is prevented. 
[0054] In a twenty-second aspect of the present inven- 
tion, in the ink jet recording head in any of the fifth to 
twenty-first aspects, a discontinuous lower electrode 
discontinuous with the lower electrode is provided 
below the piezoelectric layer in the area facing the 
boundary between the pressure generating chamber 
and the peripheral wall thereof. 
[0055] In the twenty-second aspect, the rigidity of the 
diaphragm in the portion where the piezoelectric layer 
and the upper electrode are drawn to the area outside 
the pressure generating chamber is held high and 
destruction of the diaphragm and the piezoelectric layer 
in the portion is prevented. 

[0056] In a twenty-third aspect of the present Inven- 
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tion. in the ink jet recording head in the twenty-second 
aspect, the discontinuous lower electrode is provided 
covering at least a nnargin of the pressure generating 
chamber. 

[0057] In the twenty-third aspect, the rigidity of the dia- 
phragm in the proximity of the end portion of the pres- 
sure generating chamber is held high and the durability 
is enhanced. 

[0058] In a twerrty-fourth aspect of the present inven- 
tion, in the ink jet recording head in the twenty-second 
or twenty-third aspect, the discontinuous lower elec- 
trode is made discontinuous with the lower electrode by 
removing a lower electrode in the proximity of the end 
portion of the lower electrode in the longitudinal direc- 
tion of the pressure generating chamber so as to extend 
in a width direction of the pressure generating chamber. 
[0059] In the twenty-fourth aspect, the spacing 
between the discontinuous lower electrode and the 
lower electrode can be made narrow and the rigidity of 
the diaphragm is held higher. 

[0080] In a twenty-fifth aspect of the present invention, 
in the ink jet recording head in any of the twenty-second 
to twenty-fourth aspects, the discontinuous lower elec- 
trode is not electrically connected to any parts. 
[0081] In the twenty-fifth aspect, the discontinuous 
lower electrode and the lower electrode are insulated 
reliably. 

[0082] In a twenty-sixth aspect of the preset inven- 
tion, in the ink jet recording head in any of the twenty- 
second to twenty-fourth aspects, the discontinuous 
lower electrode is connected to a resistor so that time 
constant of the lower electrode becomes larger than 
that of a drive pulse for the piezoelectric element. 
[0063] In the twenty-sixth aspect, the discontinuous 
lower electrode and the lower electrode are insulated 
reliably and the discontinuous lower electrode is pre- 
vented from having an excessive potential. 
[0084] In a twenty-seventh aspect of the present 
invention, in the ink jet recording head in any of the 
twenty-second to twenty-sixth aspects, a wiring lower 
electrode is provided for each piezoelectric element on 
the peripheral wall on which the discontinuous lower 
electrode is provided discretely from the discontinuous 
lower electrode. 

[0085] In the twenty-seventh aspect, wiring can be 
drawn from the active part easily and efficiently. 
[0088] In a twenty-eighth aspect of the present inven- 
tion, in the ink jet recording head in any of the twenty- 
second to twenty-fourth aspects, the discontinuous 
lower electrode is separated for each active part in the 
width direction of the pressure generating chamber and 
each is connected to either the upper electrode of the 
con^esponding active part or a lead electrode connected 
to the top of the upper electrode. 
[0087] In the twenty-eighth aspect, the rigidity of the 
diaphragm in the portion where the piezoelectric layer 
and the upper electrode are drawn to the area outside 
the pressure generating diamber is held high and wir- 



ing can b drawn efficiently. 

[0088] In a twenty-ninth aspect of the present inven- 
tion, in the ink jet recording head in the tw nty-eighth 
aspect each discontinuous lower electrod and the 

5 lower electrode have a spacing to such an extent that 
th y can be insulated from each other. 
[0089] In the twenty-ninth aspect, each active part of 
piezoelectric element is driven reliably and the jet char- 
acteristic is held good. 

10 [0070] In a thirtieth aspect of the present invention, in 
the Inkjet recording head in the twenty-eighth or twenty- 
ninth aspect, an intermediate electrode having no con- 
nection with any parts is provided between the juxta- 
posed discontinuous lower electrodes. 

15 [0071] In the thirtieth aspect, removal of the lower 
electrode can be minimized and the rigidity of the dia- 
phragm can be held more reliably. 
[0072] In a thirty-first aspect of the present invention, 
in the Inkjet recording head in any of the twenty-second 

20 to thirtieth aspects, the piezoelectric layer is left at least 
in a part of the removed portion of the lower electrode 
situated in other than the area corresponding to the pie- 
zoelectric element. 

[0073] In the thirty-first aspect, the discontinuous 
25 removed portion and the lower electrode are insulated 
reliably and reliability can be enhanced. 
[0074] In a thirty-second aspect of the present inven- 
tion, in the ink jet recording head in any of the first to 
. thirty-first aspects, a remaining part made of the same 
30 layer as the tower electrode is provided on the partition 
on both sides of the pressure generating chamber in the 
width direction thereof. 

[0075] In the thirty-second aspect, the lower electrode 
removal area lessens, thus the piezoelectric layer is 
35 formed in a substantially even film thickness on the 
lower electrode patterned. 

[0076] In a thirty-third aspect of the present invention, 
in the Inkjet recording head in the thirty-second aspect, 
outside the end portion of the lower electrode of the 
40 active part, a discontinuous lower electrode discontinu- 
ous with the lower electrode. The remaining part is 
extended continuously from the discontinuous lower 
electrode. 

[0077] In the thirty-third aspect, the spacing between 
45 the lower electrode forming a part of the piezoelectric 
element and the remaining part can be made narrow 
and the piezoelectric layer is formed in a even film thick- 
ness more reliably. 

[0078] In a thirty-fourth aspect of the present inven- 
50 tion, in the ink jet recording head in the thirty-second 
aspect, the remaining part is provided continuously with 
the tower electrode forming a part of the piezoelectric 
element. 

[0079] In the thirty-fourth aspect the spacing between 
55 the tower electrode forming a part of the piezoelectric 
element and the remaining part can be made nan-ow 
and the piezoelectric layer is formed in a even fOm thick- 
ness. 
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[0080] In a thirty-fifth aspect of the present invention, 
in the ink jet recording head in any of the thirty-second 
to thirty-fourth aspects, spacing between an end face in 
the width direction of the lower electrode and an end 
face in the width direction of the renrtaining part is wkier 5 
than the thickness of the piezoelectric layer and is nar- 
rower than tiie width of the lower electrode; 
[0081] In the thirty-fifth aspect, the film tiiickness of 
the piezoelectric layer in tiie width direction tiiereof 
becomes substantially e/en and the piezoelectric char- 
acteristic is not degraded. 

[0082] In a tiiirty-sixtti aspect of the present invention, 
in the ink jet recording head in any of the thirty-second 
to thirty-fifth aspects, an longitudinal end portion of the 
piezoelectric layer is situated in the proximity of tiie end 
portion of the pressure generating chamber the side of 
which the lower electrode is extended to the top of the 
peripheral wall. The distance from that end portion to a 
part where the lower electrode extended to the outside 
becomes wider is wider than the thickness of the piezo- 
electric layer and is narrower than the widtii of the lower 
electrode. 

[0083] In the thirty-sixtii aspect, the film thickness of 
the piezoelectric layer in the proximity of the end portion 
in the longitudinal direction of the pressure generating 
chamber becomes even and if the piezoelectric layer is 
patterned, the lower electrode therebelow does not 
become thin. 

[0084] In a thirty-seventh aspect of tiie present inven- 
tion, in the Inkjet recording head in any of the thirty-sec- 
ond to ttiirty-sixth aspects, the remaining part has a 
width which is 50% or more of the width of the partition 
between the adjacent pressure generating chambers. 
[0085] In the thirty-seventh aspect, tiie remaining part 
is formed in a predetermined width, whereby the piezo- 
electric layer is formed in a even film thickness more 
reliably. 

[0086] In a thirty-eighth aspect of tiie present inven- 
tion, in tiie Inkjet recording head in any of the thirty-sec- 
ond to thirty-seventh aspects, the lower electrode and 
the remaining part are formed in an area having a width 
of 50% or more of the area corresponding to tiie pres- 
sure generating chambers placed side by side and the 
partitions on both sides of the pressure generating 
chambers in the width direction thereof. 
[0087] In tiie thirty-eighth aspect, the lower electrode 
and the remaining part are set to predetermined dimen- 
sions, whereby the film thideiess of the piezoelectric 
layer becomes even reliably. 

[0088] In a thirty-ninth aspect of the present invention, 
in the ink jet recording head in any of the thirty-second 
to thirty-eighth aspects, the tower electrode and the 
remaining part are formed in an area of 50% or more of 
all area of the channel substrate. 
[0089] In the tiiirty-ninth aspect, the lower electrode 
and the remaining part are set to predetermined dimen- 
sions, whereby the film thickness of the piezoelectric 
layer becomes even reliat^ly. 



[0090] In a fortieth aspect of the present invention, in 
the ink jet recording head in any of the f irst to thirty-nintii 
aspects, the crystalline structure of the piezoelectric 
layer on the lower electrode is the same as tiiat on the 
insulating layer. 

[0091 ] In the fortieth aspect, the crystalline state of th 
piezoelectric layer formed on the insulating layer 
becomes tiie same as that of tiie piezoelectric layer 
formed on the lower electrode, so that cracks do not 
occur and an abnormal stress does not occur on pattern 
boundaries either. 

[0092] In a forty^irst aspect of the present invention, 
in tiie Inkjet recording head jn the fortieth aspect, crys- 
tal seeds becoming nuclei of crystal of the piezoelectric 
layer are formed on a surface of the insulating layer. 
[0093] In tiie forty-first aspect, the crystal structure of 
the piezoelectric layer is aligned in one orientation and 
is substantially evenly formed owing to the crystal seeds 
arxJ occurrence of crad«, etc., is prevented. 
[0094] In a forty-second a^ect of the present inven- 
tion, in the Inkjet recording head in the fortieth aspect, 
the crystal seeds are formed like islands. 
[0095] In the forty-second aspect, the crystal of the 
piezoelectric layer is grown from the crystal seed 
formed like islands. 

[0096] In a forty-third aspect of the present invention, 
in tiie ink jet recording head in any of the fifth to forty- 
second aspects, a second insulating layer is provided 
on the outside of the end portion of the lower electrode. 
[0097] In the forty-tiiird aspect, the piezoelectric layer 
does not become thin in the proximity of the end of tiie 
lower electrode and a dielectric breakdown of the piezo- 
electric layer caused by concentration of an electric field 
is prevented. 

[0098] In a forty-fourth aspect of tiie present invention, 
in the Inkjet recording head in the forty-third aspect, the 
second insulating layer has substantially the same film 
thickness as tiie lower electrode. 
[0099] In the forty-fourth aspect, the level difference 
between the lower electi-ode and the second insulating 
layer is small and the piezoelectric layer of a substan- 
tially even film thickness can be formed thereon. 
[01 00] In a fbrty-f iftii aspect of the present invention, 
in tiie ink jet recording head in tiie forty-third or forty- 
fourth aspect, the second insulating layer is made of an 
insulating material different from that of the insulating 
layer. 

[0101] In frie forty-fifth aspect, the second insulating 
layer delivers a function regardless of tiie type of insu- 
lating material. 

[01 02] In a forty-sixth aspect of the present invention, 
in the ink jet recording head in any of the fifth to forty- 
second aspects, the insulating layer includes a thick 
portion situated on the outside of the end portion of tiie 
lower electrode. 

[01 03] In the forty-sixth aspect, the piezoelectric layer 
does not become thin in the proximity of the erxj portion 
of the lower electrode, so that a dielectric breakdown of 
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the piezoelectric layer caused by concentration of an 
electric field can be prevented. 

[0104] In a forty-seventh aspect of the present inven- 
tion, in the ink jet recording head in the forty-sixth 
aspect, the thick portion has substantially the same s 
thickness as the lower electrode. 
[01 05] In the forty-seventh aspect, the level difference 
between the lower electrode and the thick portion is 
small and the piezoelectric layer of a substantially even 
film thickness can be formed thereon. 
[0106] In a forty-eighth aspect of the present inven- 
tion. In the ink jet recording head in any of the fifth to 
forty-second aspects, a tapering portion where film 
thickness of the lower electrode is gradually decreased 
toward the outside of the active part is provided at the 
end portion of the lower electrode. 
[0107] In the forty-eighth aspect, the tapering portion 
is provided at the end portion of the lower electrode, 
thus the piezoelectric layer formed in the proximity of 
the end portion of the lower electrode does not become 
thin and a dielectric breakdown in the proximity of the 
end portion of the active part is prevented. 
[01 08] In a forty-ninth aspect of the present invention, 
in the ink jet recording head in the forty-eighth aspect, 
the tapering portion forms a slope where the film thick- 
ness of the lower electrode is gradually decreased. 
[0109] In the forty-ninth aspect; the piezoelectric layer 
is formed along the slope of the tapering portion and the 
piezoelectric layer at the end of the active part does not 
become tNn. 

[0110] In a fiftieth aspect of the present invention, in 
the ink jet recording head in the forty-eighth aspect, the 
tapering portion is a part where the film thickness of the 
lower electrode is gradually decreased stepwise. 
[0111] In the fiftieth aspect, the piezoelectric layer is 
formed along the form of the tapering portion and 
becomes substantially the same film thickness as any 
other portion. 

[01 12] In a fifty-first aspect of the present invention . i n 
the Inkjet recording head in the forty-eighth aspect, the 
tapering portion forms a slanting curved surface where 
the film thickness of the lower electrode is gradually 
decreased continuously. 

[01 1 3] In the fifty-first aspect, the piezoelectric layer is 
formed along the form of the tapering portion and 
becomes substantially the same film thickness as any 
other portion. 

[0114] In a fifty-second aspect of the present inven- 
tion, in the ink jet recording head in any of the forty- 
eighth to fifty-first aspects, tiie piezoelectric layer 
formed on the tapering portion is thicker than any other 
portion. 

[01 15] In the fifty-second aspect, concentration of an 
electric field, etc.. on the piezoelectric layer in the prox- 
imity of the end portion of the active part does not occur 
and a dielectric breakdown is prevented. 
[01161 In a fifty-third aspect of the present invention, 
in the Inkjet recording head in any of the fifth to fifty-sec- 



ond aspects, both longitudinal end portions of the active 
part are formed into a similar structure. 
[01 17] In the fifty-third aspect. like the one end portion 
of the active part, the opposite end portion is also pre- 
verrted from being destroyed. 

[0118] In a fifty-fourth aspect of the present invention, 
in the ink jet recording head in any of the fifth to fifty-sec- 
ond aspects, end portions of the piezoelectric layer and 
tiie upper electrode define a distal end of the active part 
which is opposed end to the end continued to the inac- 
tive part. In the distal end is covered with a discontinu- 
ous piezoelectric layer discontinuous with the 
piezoelectric layer. 

[01 19] In the fifty-fourth aspect, tiie end portion of tiie 
active part is protected by the discontinuous piezoelec- 
tric layer and the piezoelectric layer and the upper elec- 
trode are prevented from peeling, etc. 
[01 20] In a fifty-fifth aspect of the present invention. In 
the ink jet recording head in any of the fifth to frfty-sec- 
ond aspects, end portions of the piezoelectric layer and 
the upper electrode define a distal end of the cictive part 
which is opposed end to the end continued to the Inac- 
tive part. The distal end is fixed with an adhesive. 
[01 21 ] In tiie f ifty-f rfth aspect, the end of tiie active part 
of piezoelectric element is fixed and the piezoelectric 
layer and the upper electrode are prevented from peel- 
ing, etc. 

[0122] In a fifty-sixth aspect of tiie present invention. 
In the ink jet recording head In any of the first to fifly-fiftii 
aspects, the pressure generating chambers are formed 
In a silicon monocrystalline substrate by anisotropic 
etching. The lower electrode, piezoelectric, and upper 
electrode layers are formed by film formation and lithog- 
raphy method. 

[01 23] In tiie fifty-sixth aspect. Ink jet recording heads 
each having high-density nozzle orifices can be manu- 
factured In large quantities and comparatively easily. 
[0124] According to a fifty-seventh aspect of the 
present invention, there Is provided an Ink jet recording 
apparatus comprising an Inkjet recording head in arty of 
first to f ifty-sixtii aspects. 

[0125] In tiie fifty-seventh aspect, an ink jet recording 
apparatus Improved in the head reliability can be pro- 
vided. 

BRIEF DESCR IPTION OF THE DRAWINGS 

[0126] In the accompanying drawings: 

Rg. 1 is an exploded perspective view of an ink jet 
recording head according to a first embodiment of 
the present Invention; 

Rgs. 2 A and 2B are a plan view and a sectional 
view of the Ink jet recording head shown in Fig. 1 
according to the first embodiment of the present 
invention: 

Figs. 3 A and^ 3B are perspective views to show 
modified examples of a sealing plate shown in Rg. 
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1: 

Figs. 4A to 4E are secttonaJ views to show a thin 
film manufacturing process in th first embodimerrt 
of the present invention: 

Fig. 5 is a sectional view to show the thin film man- s 
ufacturing process in the first ennbodiment of the 
present invention; 

Figs. 6A and 6B are sectionaJ views to show the thin 
film manufacturing process in the first embodiment 
of the present invention ; io 
Figs. 7A and 7B are a plan view and a sectional 
view to show the main part of the ink jet recording 
head according to the first embodiment of the 
present invention; 

Fig. 8 is a plan view to show a modified example of is 
the ink jet recording head according to the first 
embodiment of the present invention; 
Fig. 9 is a sectional view to show the main part of an 
ink jet recording head according to a second 
embodiment of the present invention; 20 
Fig. 1 0 is a sectional view to show a modified exam- 
ple of the ink jet recording head according to the 
second embodiment of the present invention; 
Fig. 1 1 is a plan view to show a modified example of 
the ink jet recording head according to the second 25 
embodiment of the present invention; 
Figs. 12A and 12B are a plan view and a sectional 
view to show the main part of an ink jet recording 
head according to a third embodiment of the 
present invention; 30 
Fig. 1 3 is a plan view to show a modified example of 
the ink jet recording head according to the third 
embodiment of the present invention; 
Fig. 1 4 is a plan view to show the main part of an ink 
jet recording head according to a fourth embodi- ss 
ment of the present invention; 
Figs. 15A and 158 are a plan view and a sectional 
view to show a modified example of the ink jet 
recording head according to the fourth embodiment 
of the present invention ; 40 
Figs. 16A and 16B are a plan view and a sectional 
view to show the main part of an ink jet recording 
head according to a fifth embodiment of the present 
invention; 

Figs 1 7A to 1 7C are sectional views to show a man- 45 
ufacturing process of the ink jet recording head 
according to the fifth embodiment of the present 
invention; 

Rg. 1 8 is a plan view to show the main part of an ink 
jet recording head according to a sixth embodiment so 
of the present invention: 

Fig. 1 9 is a plan view to show the main part of an ink 
jet recording head according to a seventh embodi- 
ment of the present invention: 

Figs. 20A arxj 20B are a plan view and a sectional ss 
view to show the main part of an ink jet recording 
head according to an eighth embodiment of the 
present invention; 



Rgs. 21 A to 21 C are a plan view and sectionaJ 
views to show the main part of an ink jet recording 
head according to a ninth embodiment of the 
present invention: 

Rg. 22 is a plan view to show tiie main part of an ink 
jet recording head according to a tenth embodiment 
of the present invention; 

Rgs. 23A and 236 are a plan view and a sectional 
view to show the main part of an ink jet recording 
head according to an eleventh embodiment of the 
present invention: 

Rg. 24 is a plan view to show a modified example of 
the ink jet recording head according to the eleventh 
ennbodiment of the present invention; 
Rgs. 25A and 25B are plan views to show modified 
examples of the ink jet recording head according to 
the eleverrth embodiment of tiie present invention; 
Rg. 26 is a plan view to show tiie main part of an ink 
jet recording head according to a twelftii emtxxli- 
ment of the present invention; 
Rg. 27 is a plan view to show the main part of an ink 
jet recording head according to a tiiirteenth embod- 
iment of the present invention; 
Rgs. 28A to 28C are a plan view and sectional 
views to show the main part of ari ink jet recording 
head according to a fourteenth embodiment of tine 
present invention; 

Rg. 29 is a plan view to show the main part of an ink 
jet recording head according to a fifteenth emt^odi- 
ment of the present invention; 
Rgs. 30A and 30B are a plan view and a sectional 
view to show the main part of an ink jet recording 
head according to a sixteenth embodiment of the 
present invention; 

Rgs. 31 A and 31 B are sectional views to show 
modified examples of the ink jet recording head 
according to the sixteenth emtxxJiment of tine 
present invention; 

Rgs 32 A and 32 B are a plan view and a sectional 
view to show the main part of an ink jet recording 
head according to a seventeenth emtxxiiment of 
the present invention; 

Rgs 33A and 33B are a plan view and a sectionaJ 
view to show the main part of an ink jet recording 
head according to an eighteenth embodiment of the 
present invention; 

Rgs. 34A and 34B are a plan view and a sectionaJ 
view to show the main part of an ink jet recording 
head according to a nineteenth embodiment of the 
present invention; 

Rg 35 is an exploded perspective view to show an 
Inkjet recording head according to another embod- 
iment of the present invention; 
Rg. 36 is a sectional view to show the Inkjet record- 
ing head shown in Rg. 35; and 
Rg. 37 is a schematic diagram to show an ink jet 
recording apparatus according to one emtsodiment 
of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

{0127] Referring now to the accompanying drawings, 
there are shown preferred ertTbodiments of the present s 
invention. 

[0128] Fig. 1 is an exploded perspective view to ^ow 
an ink jet recording head according to a first embodi- 
ment of the present invention. Rg 2 A is a plan view of 
the ink jet recording head shown in Fig. 1 and Rg. 2B is w 
a sectional view to show the sectional structure in a lon- 
gitudinal direction of one pressure generating channber. 
[0129] A channel substrate 10 is made of a silicon 
monocrystalline substrate having < llOdirection of the 
crystal surface orientation in the embodiment. Normally, is 
a substrate about 1 50-300 \im thick is used as the chan- 
nel substrate 10; preferably a sut)strate about 180-280 
\im thick, more preferably a substrate about 220 ^m 
thick is used because the arrangement density can be 
made high while the rigidity of. a partition between con- 20 
tiguous pressure generating chambers is maintained. 
[0130] The channel substrate 10 is formed on one 
face with an opening face and on an opposite face with 
an elastic film 50 of 0. 1 -2 ^m thick made of silicon diox- 
ide previously formed by thermal oxidation. 25 
[01 31 ] On the other hand, the channel substrate 1 0 is 
formed on the opening face with nozzle orifices 1 1 and 
pressure generating chambers 12 by anisotrc^ically 
etching the silicon monocrystalline sut^strate. 
[0132] TTie anisotropic etching is executed by using 30 
the nature that if the silicon monocrystalline substrate is 
immersed in an alkaline solution such as KOH. it gradu- 
ally erodes, a first < 1 1 1 }plane perpendicular to a < 1 10) 
plane and a second (111) plane forming about 70 
degrees with the first < 1 1 1 ) plane and forming about 35 35 
degrees with the < 110) plane appear, and the etching 
rate of the < 11 1 )plane is about 1/180 that of the < 1 10) 
plane. By the anisotropic etching, accurate work can be 
executed based on depth work like a parallelogram 
formed by the two first < 1 1 1 )planes and the two second 40 
(111 ) planes tilted, and the pressure generating cham- 
bers 12 can be arranged at a high density. 
[0133] In the embodiment, the long sides of each 
pressure generating chamber 1 2 are formed by the first 
(111 )planes and ttie short sides are formed by the sec- 45 
ond ( 111 )planes. The pressure generating chambers 
12 are formed by etching the silicon monocrystalline 
substrate to the elastic film 50. The amount of immers- 
ing the elastic film 50 in the alkaline solution for etching 
the silicon monocrystalline sut^trate is extremely small, so 
[01 34] On the other hand, each nozzle orifice 1 1 com- 
municating with one end of each pressure generating 
chambers 12 is formed narrower and shallower than the 
pressure generating chamber 1 2. That is. the nozzle ori- 
fices 1 1 are made by etching the silicon monocrystalline ss 
sut>strate to an iritermediate point in the thickness direc- 
tion (half etching). The half etching is executed by 
adjusting the etching time. 



[01 35] The size of each pressure generating chamber 
12 for giving ink drop jet pressure to ink and the size of 
each nozzle orifice 1 1 for jetting ink drops are optimized 
in response to the jetted ink drop amount, jet speed, and 
jet frequency. For example, to record 360 ink drops per 
inch, the nozzle orifice 1 1 needs to be nrede with accu- 
racy with a groove width of several ten jim. 
[01 36] The pressure generating chambers 1 2 and an 
ink reservoir 31 (described later) are made to communi- 
cate with each other via ink supply ports 21 formed at 
positions of a sealing plate 20 (described later) corre- 
sponding to one end of the each pressure generating 
chamber 12. Ink is supplied from the ink reservoir 31 
through the ink supply ports 21 to the pressure generat- 
ing chambers 12. 

[01 37] The sealing plate 20 is made of glass ceramic 
having a thickness of 0.1-1 mm and a linear expansion 
coefficient of 2.5-4.5 x 10'® [/°C] at 300**G or less, for 
example, formed wrth the ink supply ports 21 corre- 
sponding to the pressure generating chambers 12. The 
ink supply ports 21 may be one slit hole 21 A or a plural- 
ity of slit holes 21 B crossing the neighborhood of tiie ink 
supply side ends of tine pressure generating chambers 
12 as shown in Fig. 3A or 38. One face of the sealing 
plate 20 fully covers one face of the channel substrate 
10, namely, the sealing plate 20 also serves as a rein- 
forcing plate for protecting the silicon monocrystalline 
substrate from shock and external force. An opposite 
face of the sealing plate 20 forms one wall face of the ' 
ink reservoir 31 . 

[01 38] A ink reservoir substrate 30 forms a peripheral 
wall of the ink reservoir 31 ; it is made by stamping a 
stainless steel having a proper thickness responsive to 
the number of nozzle orifices and the ink drop jet fre- 
quency. In the embodiment, the ink reservoir substrate 
30 is 0.2 mm thick. 

[0139] An ink reservoir side plate 40 is made of a 
stainless substrate and one face thereof fornrts one wall 
face of the ink reservoir 31 . The ink reservoir side plate 
40 is formed with a thin wall 41 by forming a recess 40a 
by half etching a part of an opposite face, and is 
punched to make an Ink introduction port 42 for receiv- 
ing ink supply from the outside. The thin wall 41 is 
adapted to absorb pressure toward the opposite side to 
the nozzle orifices 1 1 occurring when ink drops are jet- 
ted; it prevents unnecessary positive or negative pres- 
sure from being applied to another pressure generating 
chamber 1 2 via the ink reservoir 31 . In the embodiment, 
considering the rigidity required at the connection time 
of the ink introduction port 42 and an external ink sup- 
plier, etc.. the ink reservoir side plate 40 is 0.2 mm ihick 
and a part thereof is made the thin wall 41 of 0.02 mm 
thick- However, to skip formation of the thin wall 41 by 
half etching, the ink reservoir side plate 40 may be 
made 0.02 mm thick from the beginning. 
[01 40] On the other hand, a lower electrode film 60 . for 
example. at>out 0.5 ^m thicK a piezoelectric film 70, for 
example, about 1 \im thick, and an upper electrode film 
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80, for exampte, about 0.1 thick are deposited on the 
elastic film 50 on the opposite side to the opening face 
of the channel substrate 10 by a process described 
later, nnaking up a piezoelectric element 300. This pi - 
zoelectric elemerrt 300 refers to the portion containing 
the lower electrode film 60, the piezoelectric film 70. and 
the upper electrode film 80. Generally, one electrode of 
the piezoelectric element 300 is used as a common 
electrode and the other electrode and the piezoelectric 
film 70 are patterned for each pressure generating 
chamber 12. A portion made up of the electrode and the 
piezoelectric film 70 patterned where piezoelectric dis- 
tortion occurs as voltage is applied to both electrodes is 
referred to as an active part of piezoelectric element 
320. In the embodiment, the lower electrode film 60 is 
used as the common electrode of the piezoelectric ele- 
ment 300 and the upper electrode film 80 is used as a 
discrete electrode of the piezoelectric elemerrt 300. but 
the lower electrode film 60 may be used as a discrete 
electrode and the upper electrode film 80 may be used 
as the common electrode for convenience of a drive cir- 
cuit and wiring. In any case, the active part of piezoelec- 
tric element is formed for each pressure generating 
chanrtber 12. Here, the piezoelectric element 300 and 
the diaphragm displaced by drive of the piezoelectric 
element 300 are collectively called a piezoelectric actu- 
ator. 

[01 41 ] A process of forming the piezoelectric films 70, 
etc.. on the channel sulfate 10 made of a silicon 
monocrystalline substrate will be discussed with refer- 
ence to Rgs 4 to 6. Figs 4 and 6 are sectional views in 
the width direction of the pressure generating chambers 
12 and Fig. 5 is a sectional view in the longitudinal direc- 
tion of the pressure generating chamber 12. 
[0142] As shown in Fig. 4A. first a wafer of a silicon 
monocrystalline substrate of which the channel sub- 
strate 10 will be made is thermally oxidized in a diffusion 
furnace at about 1100*0 to form the elastic film 50 
made of silicon dioxide. 

[0143] Next, as shown in Fig. 46, the lower electrode 
film 60 is formed by sputtering. Platinum, etc. is pre- 
ferred as a material of the lower electrode film 60. 
because the piezoelectric film 70 (described later) 
formed by a sputtering method or a sol-gel method 
needs to be baked and crystallized at a temperature of 
about 600**C-1000**C in an atmosphere or an oxygen 
atmosphere after film formation. That is, the material of 
the lower electrode film 60 must be able to hold electri- 
cal conductivity In such a high-temperature, oxygen 
atmosphere. Particularly if lead zirconate titanate (PZT) 
is used as the piezoelectric film 70. it is desired that 
change in electrical conductivity caused by diffusion of 
lead oxide (plumbous oxide) is less; platinum is pre- 
ferred for the reasons. 

[0144] Next, as shown in Rgs. 4C and 5. the lower 
electrode film 60 is patterned to form a whole pattern 
and wiring lower electrode films 61 extended from the 
area facing the pressure generating charr^er 12 to the 



top of the peripheral wall are formed in the area facing 
the proximity of one end portion in the longitudinal direc- 
tion for each pressure generating chamber 12. 
[01 45] Next, as shown in Rg. 4D. the piezoelectric film 

5 70 is formed. Preferably, crystals of the piezoelectric 
film 70 ar oriented. For example, in the embodim nt. to 
form the piezoelectric film 70. a so-called sol-gel 
method is used wherein so-called sol comprising metal 
organic substance dissolved and dispersed in a solvent 

10 is applied and dried to gel and further the gel is baked at 
a high temperature, thereby providing the piezoelectric 
film 70 having crystal oriented. A lead zirconate titanate 
family material is preferred as a material of the piezoe- 
lectric film 70 for use with an ink jet recording head. The 

75 formation method of the piezoelectric film 70 is not lim- 
ited; for example, the piezoelectric film 70 may be 
formed by the sputtering method. 
[01 46] Further, after a precursor film of lead zirconate 
titanate is formed by the sol-gel method, the sputtering 

20 method, or the like, it may be crystal-grown at a low tem- 
perature by a high-pressure processing method in an 
alkaline solution. 

[0147] In any case, in the piezoelectric film 70 manu- 
factured thereby, crystal direction thereof is preferen- 

25 tially oriented differently from piezoelectric bulk, and the 
crystal has a columnar structure. Here, "preferential ori- 
entation" means a state wrfierein oriented direction of 
the crystal is not in disorder but specific crystal faces 
are almost oriented in a definite direction. And "colum- 

30 nar crystal structure" means a state wherein cylindrical 
crystals are gathering in a surface direction thereof to 
form a thin film while central axes thereof are substan- 
tially coincident with each other in a thickness direction 
thereof. Of course, the thin film may be composed with 

35 preferwTtially oriented granular crystals. The thickness 
of the piezoelectric film manufactured by such thin film 
technique is 0.5 - 5^m in general. 
[0148] Next, as shown in Rg. 4E. the upper electrode 
film 80 is formed. The upper electrode film 80 may be 

40 made of any material if it has high electrical conductiv- 
ity; metal of aluminum, gold, nickel, platinum, etc., con- 
ductive oxide, etc.. can be used. In the embodiment, the 
upper electrode film 80 is formed of platinum by the 
sputtering method. 

45 [0149] Then, as shown in Rg^ 6A, only the piezoelec- 
tric film 70 and the upper electrode fflm 80 are etched 
for patterning the active part of piezoelectric elements 
320. The film formation process is now complete. After 
film formation is thus executed, anisotropic etching of 

50 the silicon monocrystalline substrate in alkaline solution 
described above is executed to form the pressure gen- 
erating chambers 12, etc.. as shown in Fig. 6B. 
[01 50] Figs. 7A and 7B are a plan view and a sectional 
view in the longitudinal direction of the main part of the 

55 ink jet recording head thus fonned. 

[0151] As shown in Rg 7. the lower electrode film 60 
forming the piezoelectric element 300 is provided con- 
tinuously iri the area facing the pressure generating 
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chambers 12 placed side by side and is patterned in the 
proximrty of one end portion in the longitudinal direction 
of the pressur generating chamber 12. and the end 
portion of the lower electrode film 60 becomes one end 
portion of the active part of piezoelectric element 320. In 
the area facing the proximity of an opposite end portion 
in the longitudinal direction of the pressure generating 
chamber 12. the wiring lower electrode film 61 discon- 
tinuous with the lower electrode film 60 and used as wir- 
ing of the piezoelectric element is provided for each 
pressure generating chamber 12 from the area facing 
the pressure generating chamber 12 to the top of the 
peripheral wall. 

[0152] Preferably, the spacing between the lower elec- 
trode film 60 and tiie wiring lower electrode film 61 and 
the spacing between the wiring lower electrode iWma 61 
are each formed of a nan^ow width to such an extent that 
at least the insulating strength can be held. 
[0153] On the other hand, in the embodiment, the pie- 
zoelectric film 70 and the upper electrode film 80 are 
provided in the area facing the pressure generating 
chamber 12 and are extended onto the wiring lower 
electrode film 61 . and the upper electrode film 80 and 
the wiring lower electrode film 61 are connected by a 
lead electrode 100. The form of the wiring lower elec- 
trode film 61 is not limited; however, preferably the wir- 
ing lower electrode film 61 is formed at least covering 
the margin of tiie pressure generating chamber 12 as 
shown in Rg. 8. whereby the rigidity of the diaphragm is 
held high and a crack of the diaphragm can be pre- 
vented from occurring. 

[0154] In such a configuration, the piezoelectric film 
70 and the upper electrode film 80 placed on the lower 
electrode film 60 make up one active part of piezoelec- 
tric element 320. The portions of piezoelectric film 70 
and the upper electrode film 80 extended continuously 
from the active part of piezoelectric element 320 in the 
area where the lower electrode film 60 is removed and 
on the wiring tower electrode film 61 make up an inac- 
tive part of piezoelectric element 330 which has the pie- 
zoelectric film, but is not substantially driven. 
[01 55] Therefore, the boundary between the pressure 
generating chamber 12 and the peripheral wall is the 
inactive part of piezoelectric element 330 which is not 
driven even if a voltage is applied to the active part of 
piezoelectric element 320, so that there is not a fear of 
peeling of the piezoelectric film 70. etc., a crack caused 
by repetitive displacement, or the like at tiie end portion 
in the longitudinal direction of the pressure generating 
chamber 12. Since the piezoelectric film 70 and the 
upper electrode film 80 are extended onto the wiring 
lower electrode film 61 , the need for forming a contact 
hole, namely, tiie need for forming an insulation film 
formed with a contact hole on the upper electrode film 
80 is eliminated. Therefore, displacement degradation 
of the active part of piezoelectric element 320 caused 
by tiie thickness of an insulation film is eliminated. The 
manufacturing steps can also be decreased, making it 



possible to reduce tiie costs. 

[01 56] In the described film forrrtation and anisotropic 
etching sequence of the active part of piezoelectric ele- 
ments 320. the pressure generating chambers 12. etc.. 

5 a large number of chips are formed on one wafer at the 
same time and after the process terminates, they are 
separated for each channel substrate 10 of one chip 
size as shown in Rg. 1. Each channel substrate 10 is 
bonded to the sealing plate 20. the ink reservoir sub- 

10 strata 30, and the ink reservoir side plate 40 in order in 
one piece to form an ink jet recording head. 
[0157] Witii the described ink jet recording head, ink 
is taken in through the ink introduction port 42 con- 
nected to external ink supply member (not shown) and 

15 the inside of the recording head from the ink reservoir 
31 to the nozzle orifices 1 1 is filled with \nK then a volt- 
age is applied to the part between the upper electrode 
film 80 and the lower electrode film 60 according to a 
record signal from an external drive circuit (not shown) 

20 for deflection-deforming the elastic film 50. the lower 
electrode film 60, and the piezoelectric film 70. thereby 
raising pressure in the corresponding pressure generat- 
ing chamber 12 and jetting an ink drop through tine cor- 
responding nozzle orifice 1 1 . 

25 [0158] In the emk)odiment. the piezoelecti-ic film 70 
and tiie upper electrode film 80 are formed in the area - 
facing the pressure generating diamber 12. but the 
scope of the present invention is not limited thereto. For 
example, they may be extended to the area facing tiie 

30 peripheral wall. Of course, according to such a configu- 
ration, advantages similar to those described above can 
also be provided. 

[0159] In the above-described example, the inactive 
part of piezoelectric element 330 is formed by removing 

35 ttie lower electrode film 60, but the scope of the present 
invention is not limited thereto. For example, the inactive 
part of piezoelectric element 330 may be formed by 
placing a low dielectric insulation layer between the pie- 
zoelectric film 70 and the upper electrode film 80 or may 

40 be formed by partially doping, etc. , the piezoelectric film 
70 for making it inactive. 

[0160] Fig. 9 is a sectional view in the longitudinal 
direction of the main part of an ink jet recording head 
according to a second embodiment of the present 
45 invention. 

[01 61 ] The second eml>odiment is another example of 
the wiring method of active part of piezoelectric ele- 
ments 320. As shown in Rg. 9, the second embodiment 
is similar to the first embodiment except that a wiring 
50 lower electrode film 61 is provided on the top of a 
peripheral wall ratiier than in the area facing a pressure 
generating chamber 12. 

[0162] Of course, in such a configuration, advantages 
similar to those of the first emtsodiment can also be pro- 
55 vided. 

[01 63] In the above-described emtsodiment, the wiring 
lower electrode film 61 is provided outside the lower 
electrode film 60. but the scope of the present invention 
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is not limited thereto. F=br example, as shown in Rg. 10, 
a lead electrode 100 which Is connected to an upper 
electrode film 80 of an inactive part of piezoelectric ele- 
ment 330 extended to ^e top of a peripheral wall and is 
extended to the substrate end portion may be provided 
separately. 

[01 64] A piezoelectric film 70 and the upper electrode 
film 80 rnaking up the inactive part of piezoelectric ele- 
ment 330 extended from the end portion of the pressure 
generating chamber 12 to the top of the peripheral wall 
are not limited. However, for example, as shown in Rg. 
1 1 . preferably a wider portion 331 wider than the pres- 
sure generating chamber 12 is formed in the proximity 
of the end portion of the pressure generating chamber 
12 for covering tiie end portion of tiie pressure generat- 
ing chamber 12, whereby the rigidity of a diaphragm in 
the proximity of the end portion of tiie pressure generat- 
ing chamber 12 is held high and a crack of the dia- 
phragm can be prevented from occurring. 
[0165] Rgs. 12A and 12B are a plan view and a sec- 
tional view in the longitudinal direction of the main part 
of an Inkjet recording head according to a tinird embod- 
iment of the present invention. 

[01 66] The third embodiment is an example wherein a 
discontinuous lower electrode film 62 discontinuous 
with a lower electrode film 60 is provided below an inac- 
tive part of piezoelectric element 330 in the area facing 
the boundary between tiie end portion and peripheral 
wall of each pressure generating chamber 12. as shown 
in Rg. 1 2. That is, tiie third embodiment is similar to the 
second embodiment except that the lower electrode film 
60 in the proximity of one longitudinal end portion of the 
pressure generating c^annber 12 on which a piezoelec- 
tric film 70 and an upper electrode film 80 across is 
removed to form, for example, a narrow groove-like 
removed portion 340 extended in the width direction of 
the pressure generating chambers 12. and except that 
the lower electrode film 60 in the boundary between the 
end portion and the peripheral wall of each pressure 
generating chamber 12 becomes tiie discontinuous 
lower electrode film 62 discontinuous with the lower 
electrode film 60 of the active part of piezoelectric ele- 
ment 320. 

[0167] The width of the removed portion 340 separat- 
ing the lower electrode film 60 and the discontinuous 
lower electrode film 62 needs to be a width at least 
capable of holding the insulating strength between the 
lower electrode film 60 and the discontinuous lower 
electrode film 62; however, preferably the removed por- 
tion 340 is made narrow as much as possible for holding 
the rigidity of a diaphragm. 

[0168] In such a configuration, the discontinuous 
lower electrode film 62 becomes a floating electrode not 
electrically connected to any other parts, the piezoelec- 
tric film 70 and the upper electrode film 80 existing on 
the lower electrode film 60 make up the active part of 
piezoelectric element 320 which becomes a substantial 
drive part, and tiie piezoelectric film 70 and the upper 



electrode film 80 on the discontinuous lower electrode 
film 62 are not strongly driven. 

[01 69] Therefore, the boundary between the pressure 
generating chamber 12 and the peripheral wall thereof 

5 is not strongly driven if a voltage is applied to the activ 
part of piezoelectric el ment 320, thus th rigidity of the 
diaphragm at the end portion in the longitudinal direc- 
tion of the pressure generating chamber 12 is high and 
destruction of the diaphragm or the piezoelectric film 70 

10 or the like in the portion can be prevented. 

[0170] In the embodiment, the discontinuous tower 
electrode film 62 is formed over tiie area in the direction 
in which the pressure generating chambers 12 are 
placed side by side, but tiie scope of tiie present inven- 

15 tion is not limited thereto. For example, as shown in Rg. 
13, separate discontinuous lower electrode films 62 
may be provided in a one-to-one correspondence witii 
the active part of piezoelectric elements 320, whereby 
the piezoelectric film 70 and the upper electrode film 80 

20 on the discontinuous lower ^ectrode film 62 become 
tiie inactive part of piezoelectric element 330 which is 
not driven at all. and destruction of the diaphragm or the 
piezoelectric film 70 or tiie like can be prevented more 
reliably 

25 [0171] In the emtxxiiment, the discontinuous lower 
electrode film 62 is a floating electrode not electrically 
connected to any other parts, but the scope of tiie 
present invention is not limited thereto. For example, the 
discontinuous lower electrode film 62 may be connected 

30 to an electrode layer via a resistor having a predeter- 
mined resistance value so tiiat the charge time constant 
becomes larger than the drive pulse of the active part of 
piezoelectric element 320, 

[01 72] Rg. 1 4 is a plan view of the main part of an ink 
35 jet recording head according to a fourth emtxxfiment of 
the present invention. 

[01 73] The ink jet recording head of the fourth embod- 
iment has a similar configuration to tiiat of the ink jet 
recording head of tiie first embodiment except that an 
40 intermediate electrode film 63 which is separated by a 
removed portion 340 and is not connected to any other 
parts is provided between wiring lower electrode films 
61. 

[01 74] According to such a configuration, the width of 
45 the removed portion 340 separating the wiring lower 
electrode films 61 can be made narrow. That is, since 
the intermediate electrode film 63 is provided between 
wiring lower electrode films 61 , if the removed portion 
340 is made narrow, the insulating strength can be held 
50 reliably, whereby the rigidity of a diaphragm becomes 
higher and as in the above-described embodiment, 
destruction of the diaphragm or a piezoelectric film 70 or 
the like can be prevented in tiie txsundary between a 
pressure generating chamber 12 and peripheral wall 
55 thereof. 

[0175] In the above-described embodiment, the 
removed portion 340 between the lower electrode film 
60 and the wiring lower electrode film 61 is formed so as 
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to have a width to such an extent that the insulating 
strength betweCT the lower electrode fflm 60 and the 
wiring lower electrode film 61 can be held. However, for 
example, as shown in Fig. 15. an inert part 350 where 
an upper electrode film 80 is removed and the piez - 
lectric film 70 not substantially driven is left may be pro- 
vided in a portion where a dielectric breakdown easily 
occurs, such as both sides of an active part of piezoe- 
lectric element 320 in the width direction thereof, 
whereby the insulating strength can be held more relia- 
bly. If the piezoelectric film 70 is not driven, the upper 
electrode film 80 need not be removed, needless to say. 
[0176] Figs. 16A and 16B are a plan view artd a sec- 
tional view in the longitudinal direction of the main part 
of an ink jet recording head according to a fifth embodi- 
ment of the present invention. 

[0177] The fifth emlKXliment is similar to the first 
embodiment except that in place of wiring lower elec- 
trode film 61 . a piezoelectric film 70 and an upper elec- 
trode film 80 making up an inactive part of piezoelectric 
element 330 are extended from the area facing a pres- 
sure generating chamber 12 to the top of a peripheral 
wall and in the proximity of the end portion thereof, for 
example, external wiring such as a flexible cable and the 
upper electrode film 80 are connected directly (not 
shown), and except that a lower electrode film 60 basi- 
cally is provided in the area facing the pressure gener- 
ating chamber 12 and is extended from the end portion 
on the opposite side to the inactive part of piezoelectric 
element 330 to the top of the peripheral wall of the pres- 
sure generating chamber 12, forming a common elec- 
trode to piezoelectric elements 300. as shown in Fig. 
16. 

[0178] According to such a configuration, advantages 
similar to those of the embodiments described above 
can also be provided, of course. Since the lower elec- 
trode film 60 and the upper electrode film 80 are 
extended from the end portion in the longitudinal direc- 
tion of the pr^ure generating chamber 12 to the top of 
the peripheral wall in the opposite direction, wiring can 
be easily drawn without short-circuiting the lower elec- 
trode film 60 and the upper electrode film 80. 
[0179] To form the piezoelectric film 70 continuously 
from tfie pressure generating chamber 12 to the top of 
the peripheral wall as in the fifth embodiment, preferably 
the crystalline structure of tine piezoelectric film 70 on 
the lower electrode film 60 is the same as tiiat on an 
elastic film 50. Thus, preferably, the piezoelectric film 70 
is formed as follows: 

[0180] As shown in Fig. 17A, before the piezoelectric 
film 70 is formed, crystal seed 75 made of titanium or 
titanium oxide is formed like islands on both of the lower 
electrode film 60 and the elastic film 50 by a sputtering 
method, then an uncrystallized piezoelectric precursor 
layer 71 is formed as shown in Rg. 17B. then baked for 
crystallization to form tiie piezoelectric film 70 as shown 
in Fig. 17C. 

[0181 ] To use the method of thus forming the crystal 



seed 75. preferably the elastic fOm 50 is formed of a 
material having a good adhesive corrtact property with 
the piezoelectric film 70, for example, oxide or nitride of 
at least one element selected from among the elements 

5 of the piezoelectric film 70. such as zirconium oxide. 
[0182] An art of forming crystal seed and aligning 
aystal substantially in one orientation to form a piezoe- 
lectric film 70 on a lower electrode film 60 made of plat- 
inum, etc.. is known. However, in a special structure 

10 wherein piezoelectric film 70 is formed after lower elec- 
trode film 60 is patterned as in the embodiment, if crys- 
tal seed is previously formed on the lower electrode film 
60. a different crystal structure results on elastic film 50 
and a crack easily occurs. Then, in the embodiment. 

75 crystal seed 75 is also formed on the elastic film 50, 
whereby the crystal structure of the piezoelectric film 70 
is made almost the same on the lower electrode film 60 
and the elastic film 50. thereby preventing cracks and an 
abnormal stress from occuning. The aystal seed on the 

20 elastic film 50 may be formed at the same time after the 
lower electi-ode film 60 is patterned. Alternatively, after 
crystal seed on the lower electrode film 60 is formed 
and patterning is executed, crystal seed may be formed 
separately on the elastic film 50 only, in which case the 

25 crystal seed may be formed like a film rather than like 
islands. 

[01 83] Rg. 1 8 is a plan view of the main part of an ink 
jet recording head according to a sixth emt^odiment of 
the present invention. 

30 [0184] The sixth embodiment is similar to the fiftii 
embodiment except that an inactive part of piezoelectric 
element 330 is provided in the area facing a peripheral 
wa\\ of a pressure generating chamber 12 in the width 
direction thereof from the substantially central part of an 

35 active part of piezoelectric element 320. as shown in 
Fig, 18. 

[0185] According to such a configuration, in addition 
to advantages similar to those of the embodiments 
described above, concentration of an electric field on a 

40 piezoelectric film 70 in the proximity of the coupling por- 
tion of the active part of piezoelectric element 320 and 
the inactive part of piezoelectric element 330 can be 
suppressed and destruction of a piezoelectric film 70, 
etc., can be prevented. 

45 [0186] Rg. 19 is a plan view of the main part of an ink 
jet recording head according to a seventh emtxxjiment 
of the present invention. 

[0187] The seventh embodiment is similar to the fifth 
embodiment except that a narrowed portion 332 nar- 

50 rower than an active part of piezoelectric element 320 is 
formed in the area of an inactive part of piezoelectric 
element 330 facing the end portion in the longitudinal 
direction of a pressure generating chamber 12, as 
shown in Fig 19 

55 [0188] In such a configuration, regulation on displace- 
ment of a diaphragm at the ertd portion of tiie pressure 
generating chamber 12 is relaxed, so that the displace- 
ment amount of the diaphragm caused by drive of the 
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active pcirt of piezoelectric element 320 at the end por- 
tion can be increased. 

[0189] In the embodiment an upper electrode film 80 
and a piezoelectric film 70 making up the inactive part of 
piez electric element 330 are made narrow, but the 
scope of the present invention is not limited thereta For 
example, only the upper electrode film 80 may be made 
narrow. 

[0190] Rgs. 20 A and 20B are a plan view and a sec- 
tional view in the width direction of the main part of an 
ink jet recording head according to an eighth embodi- 
ment of the present invention. 

[0191] The eighth embodiment is similar to the first 
embodiment except that in the proximity of the end por- 
tion of a pressure generating chamber 12, a lower elec- 
trode film 60 in the boundary of an active part of 
piezoelectric element 320 with an inactive part of piezo- 
electric element 330 is removed on both sides in the 
width direction of the pressure generating chamtjer 12, 
forming a narrowed portion 64 narrower than any other 
portions and except that the narrowed portion 64 is 
made narrower than a piezoelectric film 70 in the area 
facing the pressure generating chamber 12 and is cov- 
ered on both end laces in the width direction with the 
piezoelectric film 70. as shown in Rg. 20. 
[0192] According to such a configuration, an upper 
electrode film 80 and the lower electrode film 60 are reli- 
ably insulated in the proximity of the end portion of the 
lower electrode film 60 of the pressure generating 
chamber 12, namely, at the end portion of the active 
part of piezoelectric element 320, and discharge does 
not occur between the upper electrode film 80 and the 
lower electrode film 60. Therefore, a dielectric break- 
down of the piezoelectric film 70, etc.. can be prevented. 
[0193] Rgs. 21 A to 21C are a plan view and sectional 
views in the width direction of the main part of an ink jet 
recording head according to a ninth embodiment of the 
present invention. 

[0194] The ninth embodiment is similar to the eighth 
embodiment except that a narrowed portion 64 of a 
lower electrode film 60, which is formed in the area fac- 
ing a pressure generating chamber 12, is made wider 
than a piezoelectric film 70, and except that the piezoe- 
lectric film 70 and an upper electrode film 80 are 
extended via the top of tiie narrowed portion 64 to the 
top of a peripheral wait of the pressure generating 
chamber 12 to form an inactive part of piezoelectric ele- 
ment 330, as shown in Fig. 21 . 

[0195] It is known that generally if the distance 
between electrodes is a given value or less, discharge 
does not occur between the electrodes, as shown on a 
graph called Paschen curve. For example, in the 
embodiment, the distance between tiie end face of the 
narrowed portion 64 in the width direction thereof and 
the end face of the upper electrode film 80 in the width 
direction thereof may be about 10 ^m or jess; in the 
embodiment, the distance is set to about 7 ^m. 
[0196] Therefore, also in such a configuration, dis- 



charge is prevented between the upper electrode film 
80 and the lower elect-ode film 60 at the end portion in 
the longitudinal direction of the pressure generating 
chamber 12 and a dielectric breakdown of the piezoe- 
5 lectric film 70 can be prevented, as in tiie eighth emtxxi- 
iment. 

[0197] In the embodiment, the nan-owed portion 64 is 
provided in the area facing the pressure generating 
chamber 12, but the scope of tiie present invention is 

10 not limited thereto. The distance may be a distance at 
which discharge does not occur between the upper 
electrode film 80 and the lower electrode film 60; for 
example, as shown In Rg. 21C. the narrowed portion 64 
may be extended to the top of the peripheral wall of the 

75 pressure generating chamber 1 2 in the width direction 
thereof. 

[01 98] Rg. 22 is a plan view of the main part of an ink 
jet recording head according to a tenth emtjodiment of 
the present invention. 

20 [01 99] The tenth embodiment is similar to the eighth 
embodiment except that a narrowed portion 64 of a 
lower electrode film 60 is formed substantially like a 
trapezoid gradually narrowed to the distal end thereof 
and is covered at least at the distal end with a piezoelec- 

25 trie film 70 in the area facing a pressure generating 
chamber 12, as shown in Fig. 22. 
[0200] TTius. at tiie end portion of the lower electrode 
film 60, the piezoelectric film 70 becomes easily thin 
and concentration of an electric field easily occurs and 

30 therefore particularly a dielectric breakdown of the pie- 
zoelectric film 70, etc., easily occurs. However, since 
the narrowed portion 64 is covered at the distal end witii 
the piezoelectric film 70 and the lower electi-ode film 60 
and an upper electrode film 80 are insulated, discharge 

35 does not occur therebetween and a dielectric break- 
down of the piezoelectric film 70, etc., can be prevented. 
[0201] Rgs. 23 A and 23 B are a plan view and a sec- 
tional view of the main part of an ink jet recording head 
according to an eleventh embodiment of the present 

40 invention. 

[0202] The eleventh embodiment is similar to the first 
emtxxliment except that a piezoelectric film 70 and an 
upper electrode fOm 80 are extended as a width nar- 
rower than an active part of piezoelectric element 320 

45 continuously from one end portion in the longitudinal 
direction of a pressure generating chamber 12 to the 
area facing a peripheral wall, forming an inactive part of 
piezoelectric element 330. the upper electrode film 80 
and external wiring being connected in the proximity of 

so the end portion of the inactive part of piezoelectric ele- 
ment 330, except that a lower electrode film 60 basically 
is fornied covering the area facing each pressure gener- 
ating chamber 12, and that the area in which the piezo- 
electric fOm 70 and the upper electrode film 80 are 

55 extended, namely, the area in which the inactive part of 
piezoelectric element 330 is extended becomes a 
removed portion 340 removed as a narrower width than 
the pressure generating chamber 12, as shown in Rg. 
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23. 

[0203] For the portion in which the piezoelectric film 
70 and the upp r electrode film 80 are extended from 
the end portion of the pressure generating chamber 12 
to the top of the peripheral wall and the removed portion s 
340, preferably the direction in which the margin of the 
upper electrode film 80 crosses from the top of the lower 
electrode film 60 to the top of the removed portion 340 
does not match the direction in which the upper elec- 
trode film 80 is extended to the top of the peripheral 
wall. That is. preferably the angle between the direction 
of the electric cun-ent flowing into the portion where the 
upper electrode film 80 crosses the lower electrode film 
60 and the direction of the electric current flowing into 
the upper electrode film 80 extended becomes large. 
For example, in the enrdDodimerrt. the angle between the 
directions of the electric fields flowing into the portions 
is about 90 degrees. 

[0204] Thus, in the emtKxjiment. the lower electrode 
film 60 in the portion where the piezoelectric film 70 and 
the upper electrode film 80 of the active part of piezoe- 
lectric element 320 are extended to the top of the 
peripheral wall is removed to form the removed portion 
340, and any other area facing the pressure generating 
chamber 12 is covered with the tower electrode film 60. 
wherry the end portion of the lower electrode film 60 
does not exist in the surroundings of the upper elec- 
trode film 80 forming a part of the active part of piezoe- 
lectric element 320 and discharge is hard to occur. In 
the extended portion of the piezoelectric film 70 and the 
upper electrode film 80, the direction of the electric cur- 
rent flowing into the portion where the upper electrode 
film 80 crosses the lower electrode film 60 does not 
match the direction of the electric current flowing into 
the upper electrode film 80 extended. Thus, the electric 
current flowing into the active part of piezoelectric ele- 
ment 320 from the upper electrode film 80 extended 
spreads and is dispersed in the aoss portion with the 
lower electrode film 60. so that a dielectric breakdown of 
the piezoelectric film 70 caused by concentration of an 
electric field, etc., can be prevented, and the durability 
and reliability of the head can be enhanced. 
[0205] For example, as shown in Rg. 24, a displace- 
ment suppression layer 110 for suppressing displace- 
ment of the active part of piezoelectric element 320 may 
be provided on the upper electrode film 80 in the bound- 
ary between the active part of piezoelectric element 320 
and the inactive part of piezoelectric element 330, 
whereby vibration of the active part of piezoelectric ele- 
ment 320 at the end portion thereof and occurrence of a 
crack of a diaphragm caused by drive of the active part 
of piezoelectric element 320 or the like can be pre- 
vented. The displacement suppression layer 110 can be 
easily formed of the same material as a lead electrode 
100 or the like, for example. 

[0206] In the embodiment ^e lower electrode film 60 
in the area corresponding to the piezoelectric film 70 
and the upper electrode film 80 is removed substantially 



like a rectangle to form the removed portion 340. but the 
scope of the present invention is not limited thereto. For 
example, as shown in Fig. 25A, a removed portion 340 
shaped substantially like an ellipse may be provided in 
the area facing the pressure generating chamber 12. In 
this case, the base end portions of the piezoelectric film 
70 and the upper electrode film 80 extended as the 
width narrower than the active part of piezoelectric ele- 
ment 320 may be further removed to the inside of the 
active part of piezoelectric element 320, whereby the 
angle between the direction of the electric current flow- 
ing into the portion where the upper electrode film 80 
crosses the lower electrode film 60 and the direction of 
the electric current flowing into the upper electrode film 
80 extended becomes large. That is, the direction in 
which the electric cunent flowing into the active part of 
piezoelectric element 320 from the upper electrode film 
80 extended spreads becomes large and the electric 
field applied to the part between the upper electrode 
film 80 and the lower electrode film 60 is further dis- 
persed. 

[0207] For example, as shown in Fig. 25B, the 
removed portion 340 may be shaped suttstantiaily like a 
semicircle, the width of the end portion of the active part 
of piezoelectric element 320 in the longitudinal direction 
thereof may be deaeased gradually, and the lower elec- 
trode film 60 and the upper electrode film 80 may cross 
each other in the circular arc portion of the removed por- 
tion 340. Also according to such a configuration, the 
angle between the direction of the electric current flow- 
ing into the portion where the upper electrode ifilm 80 
crosses the lower electrode film 60 and tiie direction of 
the electric current flowing into the upper electrode film 
80 extended becomes large. Therefore, the electric field 
applied to the part between the lower electrode film 60 
ard the upper electrode film 80 is dispersed, as 
described at^e. 

[0208] Thus, the shapes of the removed portion 340 
and the extension portion of the piezoelecti-ic film 70 
arxi tiie upper electrode film 80 are not limited, but pref- 
erably the angle between the direction of the electric 
current flowing into the portion where the upper elec- 
trode film 80 is extended and the direction of the electric 
current flowing into the portion crossing the lower elec- 
trode film 60 is set in the range of 5 to 180 degrees. 
[0209] Rg. 26 is a plan view of the main part of an ink 
jet recording head according to a twelfth embodiment of 
the present invention. 

[0210] The twelfth embodiment is similar to the elev- 
enth embodiment except that a lower electrode film 60 
is removed at tiie substantially central part in the longi- 
tudinal direction on the top of a peripheral wall on both 
sides of a pressure generating chamber 12 in the width 
direction thereof, forming a removed portion 340. except 
that a piezoelectric film 70 and an upper electrode film 
80 are extended from the substantially central part of an 
active part of piezoelectric element 320 in the longitudi- 
nal direction thereof via the top of the renrKTved portion 
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340 to the top of the penpheral wall, forming an inactive 
part of piezoelectric element 330. and except that the 
upper electrode film 80 extended to the top of the 
peripheral wall is connected to external wiring via a lead 
electrode 100. as shown in Fig. 26. 
[021 1 ] Thus, the piezoelectric film 70 arid the upp r 
electrode film 80 are extended from the central part of 
the pressure generating chamber 12 in the width direc- 
tion thereof, whereby the drive loss of the active part of 
piezoelectric element 320 can be suppressed, activa- 
tion can be accelerated, and the ink jet characteristic 
can be improved. Of course, advantages similar to 
those of the eleventh embodiment can also be provided. 
[0212] Fig. 27 is a plan view of the main part of an ink 
jet recording head according to a thirteenth embodi- 
ment of the present invention. 

[0213] The thirteenth embodiment is similar to the 
eleventh embodiment except that a piezoelectric film 70 
and an upper electrode film 80 of an active part of pie- 
zoelectric element 320 are extended from both sides of 
a pressure generating chamber 12 in the width direction 
thereof to the top of a peripheral wall, forming an inac- 
tive part of piezoelectric element 330. as shown in Fig. 
27. 

[0214] According to such a configuration, advantages 
similar to those of the eleventh embodiment can also be 
provided. Since the piezoelectric film 70 and the upper 
electrode film 80 are extended from both sides of the 
pressure generating chamber 12 to the top of the 
peripheral wall, the drive loss of tiie active part of piezo- 
electric element 320 can be furthermore suppressed 
and the ink jet characteristic can be improved. 
[021 5] Figs. 28A to 28C are a plan view and sectional 
views of the main part of an ink jet recording head 
according to a fourteenth emtxxiiment of tiie present 
invention. 

[0216] As shown in Fig. 28, the fourteenth emtjodi- 
ment is an example wherein a remaining part 65 made 
of the same layer as a lower electrode film 60 is pro- 
vided on the top of a partition of a pressure generating 
chamber 1 2. The ink jet recording head according to the 
fourteenth embodiment has a similar configuration to 
that of the ink jet recording head according to the fifth 
embodiment except that the remaining part 65 is pro- 
vided in the longitudinal direction of the pressure gener- 
ating chamber 12 continuously with the lower electrode 
film 60 of an active part of piezoelecti-ic element 320, 
that is, removed portions 340 with the lower electrode 
film 60 removed are provided in the areas facing the 
boundaries with tiie partitions on both sides in the width 
direction of the pressure generating chamber 12, 
whereby the remaining part 65 is formed in the area fac- 
ing the partition. 

[0217] Preferably, spadng h1 between the side at the 
end portion in the width direction of the lower electrode 
film 60 and the side at the ^d portion in the width direc- 
tion of the remaining part 65 and spacing h2 between 
the side at the end portion in the longitudinal direction of 



a piezoelectric film 70 and the part where the lower 
electrode film 60 extended to the top of a peripheral wall 
becomes wide are wider than the film thickness of the 
piezoelectric film 70 and narrower than the wkith of the 

5 lower electrode film 60. 

[021 8] Preferably, the width of tii remaining part 65 is 
50% or more of the width of the partition; more prefera- 
bly 80% or more. Further, preferably the lower electrode 
film 60 or the remaining part 65 is formed in the area of 

10 at least 50% or more of the area fadng the pressure 
generating chambers 12 placed side by side and the 
partitions on both sides in the width direction of the 
pressure generating chambers 12. 
[021 9] In the embodiment, in the proximity of the end 

15 portion of the side of the pressure generating chamber 
12 where the piezoelectric film 70 and an upper elec- 
trode film 80 are extended, the lower electrode film 60 is 
removed like a narrow groove in the direction in which 
the pressure generating chambers 12 are placed side 

20 by side, forming the removed portion 340. and the lower 
electrode film on tiie top of the peripheral wall of each 
pressure generating chamber 12 becomes a discontin- 
uous lower electrode film 62 discontinuous with the 
lower electrode film 60 forming a part of tfie active part 

25 of piezoelectric element 320. The piezoelectric film 70 
and the upper electrode film 80 are extended onto the 
discontinuous lower ^ectrode fflm 62 to form an inactive 
part of piezoelectric element 330. The upper electrode 
film 80 and external wiring are connected in the proxim- 

30 ity of the end portion (not shown). 

[0220] According to such a configuration, advantages 
similar to those of the errdsodiments described above 
can also be provided. Further. In the embodiment, the 
remaining part 65 is provided in the area facing the par- 

35 titions on bath sides in the width direction of the pres- 
sure generating chamber 12 preferably under the 
above-described condition, so that tiie lower electrode 
film 60 removal area very lessens and if the piezoelec- 
tric film 70 is formed on the patterned lower electrode 

40 film 60, the film thickness of the piezoelecfa-ic film 70 
becomes substantially even on the whole and the piezo- 
electi'ic film 70 does not become locally thin. 
[0221 ] Since the distance between the side at tiie end 
portion in the longitudinal direction of the piezoelectric 

45 film 70 and the part where the lower electrode film 60 
extended to the top of the peripheral wall becomes wide 
is made comparatively narrow, the film thickness of the 
piezoelectric film 70 becomes even in the proximity of 
the end portion in the longitudinal direction of the pres- 

so sure generating chamber 12. Thus, to use a nonselec- 
tive etching method such as ion rrdlling to etch the 
piezoelectric film 70 in the proximity of the end portion of 
the side of the pressure generating chamber 12 where 
the lower electrode film 60 is drawn, the lower electrode 

55 film 60 below the piezoelectric film 70 is not removed 
together and does not become thin. Therefore, the rigid- 
ity of tiie lower electrode film 60 in the proximity of the 
end portion of the pressure generating chamber 12 is 
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not degraded and the durability is enhanced. The effect 
appears remarkably particularly if the piezoelectric film 
70 is formed by a spin coat method such as the sol-gel 
method as described above; in addition, the piezoelec- 
tric fQm 70 may be tormed by an MOD method (metal- 5 
organic decomposition method), etc.. for example. 
[0222] Fig. 29 is a plan view of the main part of an ink 
jet recording head according to a fifteenth embodiment 
of the present invention. 

[0223] The fifteenth embodiment is similar to the four- 
teenth embodiment except that a remaining part 65 pro- 
vided on the top of a partition in the width direction of a 
pressure generating chamber 12 is provided continu- 
ously with a discontinuous lower electrode film 62 rather 
than a lower electrode film 60 forming a part of an active 
part of piezoelectric element 320. 
[0224] Also according to such a configuration, a pie- 
zoelectric film 70 does not become thin and advantages 
similar to tiiose of the fourteenth embodiment can be 
provided. 

[0225] Figs. 30 A and 30B are a plan view and a sec- 
tional view in the longitudinal direction of the main part 
of an ink jet recording head according to a sixteenth 
embodiment of the present invention 
[0226] The sixteenth embodiment is similar to the first 
embodiment except that the film thickness of a lower 
electrode film 60 is gradually decreased toward the lon- 
gitudinal end thereof is provided as a tapering portion 
66 in the area which becomes the tx)undary of the 
active part of piezoelectric element 320 with an inactive 
part of piezoelectric element 330, as shown in Rg. 30. 
The form of the tapering portion 66 is not limited; for 
example, in the erTt)odiment, the tapering portion 66 
forms a slope where the film thickness of the lower elec- 
trode film 60 is gradually decreased continuously. 
10ZZ7] According to such a configuration, a piezoelec- 
tric film 70 is formed on the lower electrode film 60 con- 
taining the tapering portion 66 along the form of the 
lower electrode film 60 and the whole film thickness 
becomes substantially even. That is. the piezoelectric 
film 70 at the end portion of the lower electrode film 60 
does not become thin and dielectric breakdown of the 
piezoelectric film 70 caused by concemration of an elec- 
tric field, etc.. in the proximity of the end portion of the 
active part of piezoelectric element 320 can be pre- 
vented. 

[0228] In the embodiment the tapering portion 66 is 
made a slope where the film thickness is gradually 
decreased continuously, but the scope of the present 
invention is not limited thereto. For example, as shown 
in Fig. 31 A, a tapering portion 66A may be provided 
substantially stepwise in cross section with the film 
thickness decreased intermittentiy. The formation 
method of the tapering portion 66A is not linrtited either; 
for example, a resist is applied onto the lower electrode 
film 60 more than once and a resist film shaped like 
steps of substantiaDy the same form as the tapering 
portion 66A is formed in the area of the tower electrode 



film 60 where the tapering portion 66A is to be formed, 
then the lower electrode film 60 is patterned, whereby 
the tapering portion 66A can be formed. 
[0229] For example, as shown in Rg. 31 B. a tapering 
portion 66B may be provided as a slanting curved sur- 
face in cross section. The formation method of th 
tapering portion 66B is not limited either; for example, 
the area on an elastic film 50 where the lower electrode 
film 60 is not formed and the area where tiie tapering 
portion 66B is to be formed are masked and the lower 
electrode f Dm 60 is formed by so-called mask evapora- 
tion, whereby the tapering portion 66B is formed. That 
is, the lower electrode film 60 is also formed in a part of 
the mask area from a mask gap, providing the tapering 
portion 66B which is a slanting curved surface in cross 
section. Of course, as described above, a resist film of 
substantially the same form as the tapering portion 66B 
is formed on the lower electrode fQm 60, then the lower 
electrode film 60 is patterned, whereby the tapering por- 
tion 66B can be formed. 

[0230] Figs. 32A and 328 are a plan view and a sec- 
tional view in the longitudinal direction of the main part 
of an ink jet recording head according to a seventeenth 
embodiment of the present invention. 
[0231 ] The seventeenth embodiment is an example 
wherein an insulating film made of an insulating mate- 
rial is provided on the outside in the longitudinal direc- 
tion of a lower electrode film 60. That is, as shown in 
Rg. 32, a lower electrode film 60 and an active part of 
piezoelectric element 320 consisting of a piezoelectric 
film 70 and an upper electrode film 80 are formed on an 
elastic film 50 in the area facing each pressure generat- 
ing chamber 12 and an insulating film 55 having sub- 
stantially the same film thickness as the lower electrode 
film 60 is formed, for example, on the outside of the end 
portion of the lower electrode film 60 which becomes 
the boundary between tiie active part of piezoelectric 
element 320 and an inactive part of piezoelectric ele- 
ment 330. The material of the insulating film 55 is not 
limited; for example, it may be an insulating material dif- 
ferent from that of the elastic film 50. 
[0232] In the embodiment, after the lower electrode 
film 60 is patterned, the insulating film 55 is formed on 
the outside of one end portion of the lower electrode film 
60 in the longitudinal direction thereof, and the piezoe- 
lectric film 70 and the upper electrode film 80 are 
formed and patterned on the insulating film 55, forming 
the active part of piezoelectiic element 320 and the 
inactive part of piezoelectric element 330, whereby the 
piezoelectric film 70 does not become thin at the end 
portion of the lower electrode film 60, and dielectric 
breakdown of the piezoelectric film 70 caused by con- 
centration of an electric field, etc.. in the portion can be 
prevented. Also in such a configuration, similar advan- 
tages to those of the emtxxfiments described above can 
be provided, of course. 

[0233] Figs. 33 A and 338 are a plan view and a sec- 
tional view in the longitudinal direction of the main part 
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of an ink jet recording head accorcfing to an eighteenth 
embodiment of the present invention. 
[0234J The eighteenth embodiment is similar to the 
seventeenth embodiment except that a thick portion 50a 
of an elastic fflm 50 thicker than arty other portion (for 
example, in the embodiment, thicker than a lower elec- 
trode fflm 60) is provided on the outside of the end por- 
tion of the lower electrode film 60, which is the bourxiary 
between an active part of piezoelectric element 320 and 
an Inactive part of piezoelectric element 330. in place of 
an Insulating film 55, as shown in Fig. 33. 
[0235] In the eighteenth enobodiment. after the elastic 
film 50 is patterned to form the thick portion 50a at a 
predetermined position, a piezoelectric film 70 and an 
upper electrode fUm 80 are formed and patterned, 
thereby forming the active part of piezoelectric element 
320 and the inactive part of piezoelectric element 330. 
whereby the piezoelectric film 70 in the area corre- 
sponding to the end portion of the lower electrode film 
60 does not become thinner than any other portion, and 
dielectric breakdown of the piezoelectric film 70 caused 
by concentration of an electric fiekJ, etc., in the portion 
can be prevented. In such a configuration, similar 
advantages to those of the embodiments described 
above can also be provided. 

[0236] Rgs. 34A and 34B are a plan view and a sec- 
tional view in the longitudinal direction of the main part 
of an ink jet recording head according to a nineteenth 
embodiment of the present invention 
[0237] As shown in Fig. 34, the nineteenth embodi- 
ment is an example wherein the end portion of an upper 
electrode film 80 is formed inside from the end portion 
of a lower electrode film 60 arxi becomes the end por- 
tion of an active part of piezoelectric element 320. For 
example, in the embodimertt. the end portion of a piezo- 
electric film 70 is at substantially the same position as 
the end portion of the tower electrode film 60 and the 
piezoelectric film 70 is also formed on the tower elec- 
trode film 60 projecting to the outside from the end por- 
tion of the upper electrode film 80. this portion forming 
an inactive part of piezoelectric element 330 not sub- 
stantially driven. 

[0238] In the embodiment, in a removed portion 340 
where the lower electrode film 60 is removed between 
the lower electrode film 60 and a wiring lower electrode 
film 61, the piezoelectric film 70 is not removed and is 
left and the lower electrode film 60 and a lead electrode 
100 are insulated from each other. 
[0239] Thus, in the embodiment, on the outside of the 
end portion of the side of the active part of piezoelectric 
element 320 where the lead electrode 100 is drawn, the 
inactive part of piezoelectric element 330 is provided 
continuously, for example, by removing the upper elec- 
trode film 80, whereby the distance between the end 
portion of the upper electrode film 80, which is the end 
portion of the active part of piezoelectric element 320, 
and the end portion of the lower electrode film 60 can be 
made large. Thus, if a voltage is applied to the active 



part of piezoelectric element 320, the electric field 
strength at the end portion of the active part of piezoe- 
lectric element 320 does not grow and dielectric break- 
down of the piezoelectric film 70, etc., can be prevented. 

5 Since the thickness of the piezoelectric film 70 of the 
active part of piezoelectric element 320 becomes even, 
the piezoelectric characteristic is improved. In such a 
configuration, similar advantages to those of the 
emtsodiments described above can also be provided. 

10 [0240] The embodiments of the present invention 
have been described, but the k>asic configuration of the 
Inkjet recording head is not limited to the configurations 
described above. 

[0241] For example, in the atjove-descnljed embodi- 

15 ments. the end portion of the lower electrode film 60 is 
the end portion of the active part of piezoelectric ele- 
ment 320 and the piezoelectric film 70 and tiie upper 
electrode film 80 on the lower electrode film 60 are 
extended to the outside of the end portion to provide the 

20 inactive part of piezoelectric element 330 for preventing 
destruction of ttie active part of piezoelectric element 
320; at the opposite end portion, the piezoelectric fDm 
70 and the upper electrode film 80 are patterned in the 
pressure generating chamber 12, thereby forming the 

25 end portion of the active part of piezoelectric element 
320. There is a possibility tiiat peeling, etc., of the pie- 
zoelectric film 70 and the upper electrode film 80 may 
occur at tiie end portion. However, for example, the end 
portion of the active part of piezoelectric element 320 

30 may be fixed with an adhesive, etc.. or may be covered 
with a discontinuous piezoelectric film discontinuous 
with the piezoelectric film 70 of the piezoelectric ele- 
ment 300 or tiie like, thereby protecting the end portion 
of the active part of piezoelectric element 320 for 

35 enhancing durability. 

[0242] For example, in addition to the above- 
described sealing plate 20. the ink reservoir substrate 
30 may be made of glass ceramic and further the thin 
wall 41 may be made of glass ceramic as a separate 

40 member; the material, structure, etc.. can be changed 
as desired. 

[0243] In the embodiments, the nozzle orifices are 
made in tiie side face of the channel substrate 10, but 
may be formed projecting in a direction perpendicular to 
45 the face. 

[0244] Fig. 35 is an exploded perspective view of an 
emtxxiiment of an ink jet recording head having the 
configuration and Rg. 36 is a sectional view to show a 
flow passage in the ink jet recording head. In the 

so embodiment, nozzle orifices 1 1 are made in a nozzle 
plate 120 opposed to piezoelectric vibrator and nozzle 
communication ports 22 for allowing the nozzle orifices 
11 and pressure generating chambers 12 to communi- 
cate witii each other are placed so as to penetrate a 

55 sealing plate 20, an ink reservoir substrate 30, a thin 
plate 41 A, and an ink reservoir side plate 40A. 
[0245] The embodiment is basically similar to the 
akx)ve-described emt^odiments except that the thin 
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plate 41 A and ink reservoir skJe plate 40A are separate 
members and except that an opening 40b is made in the 
ink reservoir side plate 40A. Parts identical with those 
previously described with reference to the accompany- 
ing drawings are denoted by the same reference numer- 
als in Figs. 35 and 36 are will not be discussed again. 
[0246] Also in the embodiment, as in the above- 
described embodiments, a voltage can be applied to 
active part of piezoelectric element not via a contact 
hole, so that the di^lacement efficiency of elastic film 
can be improved. 

[0247] The above-described enat>odiments can be 
combined appropriately, thereby providing more advan- 
tages, needless to say. 

[0248] In the above-described embodiments, Ink jet 
recording heads of thin film type that can be manufac- 
tured by applying the film formation and lithography 
process are taken as examples, but the scope of the 
present invention is not limited thereto. For example, the 
present invention can be adopted for ink jet recording 
heads of various structures such as a structure wherein 
substrates are deposited on each other for forming 
pressure generating chambers, a structure wherein a 
piezoelectric film is formed by putting a green sheet or 
executing screen print, etc., arxi a structure wherein a 
piezoelectric film is formed by crystal growth such as a 
water and heat method. 

[0249] Thus, the present invention can be applied to 
ink jet recording heads of various structures without 
departing from the spirit and the scope of the present 
invention. 

[0250] Each of the ink jet recording heads of the 
enatxxliments forms a part of a recording head unit 
comprising an ink flow passage communicating with an 
ink cartridge, etc., and is installed in an ink jet recording 
apparatus. Rg. 37 is a schematic diagram to show an 
example of the ink jet recording apparatus. 
[0251] As shown in Rg. 37. cartridges 2A and 2B 
forming ink supply means are detachably placed in 
recording head units 1 A arvJ 1 B each having an ink jet 
recording head, and a carriage 3 on which the recording 
head units 1A and 18 are mounted is placed axially 
movably on a carriage shaft 5 attached to a recorder 
main body 4. The recording head units 1 A and 1 B jet a 
black ink composite and a color ink composite respec- 
tively, for example. 

[0252] The driving force of a drive motor 6 is transmit- 
ted to the carriage 3 via a plurality of gears and a timing 
belt (not shown), whereby the carriage 3 on which the 
recording head units 1 A and 1 B are mounted is moved 
along the carriage shaft 5. On the other hand, the 
recorder main body 4 is provided with a platen 8 along 
the carriage 3. The platen 8 can be rotated by tiie drive 
force of a paper feed motor (not shown) and a recording 
sheet S of a recording medium such as paper fed by a 
paper feed roller, etc.. is wrapped around the platen 8 
and is transported. 

[0253] As described above, according to the present 



invention, the inactive part of piezoelectric element 
including the piezoelectric film, but is not siisstantialty 
driven is provided continuously from the active part of 
piezoelectric element, whereby a voltage can be 
5 applied to the active part of piez electric element with- 
out forming a contact hoi an6 the active part of piezoe- 
lectric element can be provided in the area facing the 
pressure generating chamber, so that the displacement 
characteristic and reliability can be enhanced. 

w 

Claims 

1 . An ink jet r^ecording head comprising: 

15 pressure generating chambers communicating 

with associated nozzle orifices; and 
piezoelectric elements provided in a one-to- 
one correspondence with the pressure gener- 
ating chambers, each of the piezoelectric ele- 
20 merits comprising a lower electrode provided in 

an area corresponding to the pressure generat- 
ing chamber via an insulating layer, a piezoe- 
lectric layer provided on the lower electrode, 
and an upper electrode provided on the piezo- 
25 electric layer, each active area of the piezoelec- 

tric elements provided in an area facing tiie 
pressure generating chamber, and each inac- 
tive part of the piezoelectric elements not to be 
driven even having the piezoelectric layer con- 
so tinued from the active part. 

2. Tiie ink jet recording head as set forth in claim 1 . 
wherein crystal directions of the piezoelectric layer 
are oriented. 

35 

3. The ink jet recording head as set forth in claim 2, 
wherein the piezoelectric layer has a columnar 
crystalline structure. 

40 4. Tlie ink jet recording head as set forth in claim 1 . 
wherein the inactive part is extended from the 
inside of the area facing the pressure generating 
chamber to the outside of the area. 

45 5. The ink jet recording head as set forth in claim 1 
.wherein tiie lower electrode is removed to form the 
inactive part, and 

wherein either the upper electrode or a lead elec- 
trode connected thereto is extended to the top of a 
50 peripheral wall of the pressure generating chamber 
through the inactive part 

6. The ink jet recording head as set forth in claim 1, 
wherein an end portion of thte upper electrode is 
55 positioned inside from an end portion of the lower 
electrode to be an end portion of the active part, 
and 

wherein the piezoelectric layer is provided on the 
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lower electrode projecting to the outside from the 
end portion of the upper electrode, fornntng the 
inactive part, and Is also provided outside the end 
portion of the lower electrode. 

7. The ink jet recording head as set forth in claim 1 , 
wherein the inactive part is provided continuously at 
one end portion in a longitudinal direction of the 
active part. 

8. The ink jet recording head as set forth in claim 7, 
wherein the width of the inactive part at least in the 
proximity of a portion crossing the boundary 
between an end portion and the peripheral wait of 
the pressure generating chamber is narrower than 
the width of the active part. 

9. The ink jet recording head as set forth in claim 7. 
wherein the width of the inactive part at least in the 
proximity of a portion crossing the boundary 
between an end portion and the peripheral wall of 
the pressure generating chamb^ is wider than the 
width of the pressure generating chamber. 

10. The ink jet recording head as set forth in claim 1, 
wherein a displacement suppression layer for sup- 
pressing displacement of the active part is provided 
in an area facing the boundary between the active 
part and the inactive part. 

1 1 . The ink jet recording head as set forth in claim 1 , 
wherein the lower electrode is provided continu- 
ously to the area facing partitions on both sides in 
the width direction of the pressure generating 
chamber and adjacent pressure generating cham- 
bers. 

12. The Inkjet recording head as set forth in claim 1, 
wherein the inactive part Is provided in one longitu- 
dinal end portion of the piezoelectric element, and 
wherein the lower electrode is provided so that both 
end portions in the width direction of the lower elec- 
trode are positioned in the pressure generating 
chamber together with both end portions in the 
width direction of the piezoelectric layer, and Is 
extended from the other longitudinal end portion of 
the piezoelectric element to the top of the periph- 
eral wall of the pressure generating chamber. 

1 3. The ink jet recording head as set forth In daim 1 , 
wherein the area lacing the pressure generating 
chamber other than the inactive part is covered with 
the lower electrode. 

14. The ink jet recording head as set forth In claim 5. 
wherein the width of the removed lower electrode 
below the inactive part Is narrower than the width of 
the pressure generating chamber 



15. The ink jet recording head as set forth in claim 13, 
wherein the inactive part is extended from a sub- 
stantially central part of the pressure generating 
chamber in the longitudinal direction thereof on one 

5 peripheral wall in the width direction of the pressure 

generating chamber. 

16. The ink jet recording head as set forth in daim 13, 
wherein the removed portion of the lower electrode 

10 below the inactive part is shaped suk^stantially into 
a circle. 

17. The ink jet recording head as set forth in daim 13. 
wherein the direction in which a margin of the upper 

75 electrode crosses from the top of the lower elec- 
trode to the top of the lower electrode removed por- 
tion Is different from the direction In which tiie upper 
electrode is extended to the top of the peripheral 
wall of the pressure generating chamber. 

20 

18. The ink jet recording head as sei forth in claim 1 , 
wherein the width of the lower electrode in a portion 
fadng the boundary of the active part and the inac- 
tive part is narrower than any other portion. 

25 

1 9. The ink jet recording head as set forth in daim 1 8, 
wherein at least ttie distal end of tine narrowed por- 
tion of the lower electrode is narrower than the pie- 
zoelectric layer and the upper elecb-ode of tiie 

30 inactive part. 

20. The ink jet recording head as set forth in daim 18, 
wherein the whole of the narrowed portion of the 
lower electrode is narrower than the piezoelectric 

35 layer and the upper electrode of the inactive part. 

21. The ink jet recording head as set forth in claim 18 
wherein the width of the narrowed portion of the 
lower electrode is wider tiian tiiat of the piezoelec- 

40 trie layer and the upper electrode of the inactive 
part, and 

wherein the distance between an end face in the 
widtii direction of the narrowed portion and an end 
face in the width direction of the upper electi-ode is 
45 about 1 0 ^m or less. 

22. The ink jet recording head as set forth in claim 5, 
wherein a discontinuous lower electrode discontin- 
uous with the lower electrode is provided below tiie 

50 piezoelectric layer in the area fadng the kxsundary 
between the pressure generating chamber and tiie 
peripheral wall thereof. 

23. The ink jet recording head as set forth in daim 22, 
55 wherein the discontinuous lower electrode is pro- 
vided covering at least a margin of the pressure 
generating chamber. 
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24. The ink jet recording head as set forth in claim 22, 
wherein the discontinuous lower electrode is made 
discontinuous with the lower electrode by removing 
a lower electrode in the proximity of the end portion 
of the lower electrode in the longitudinal direction of 
the pressure generating chamber so as to extend in 
a width direction of the pressure generating cham- 
ber. 

25. The ink jet recording head as set forth in claim 22, 
wherein the discorrtinuous lower electrode is not 
electrically connected to any parts. 

26. The ink jet recording head as set forth in claim 22, 
wherein the discontinuous lower electrode is con- 
nected to a resistor so that time constant of the 
lower electrode becomes larger than that of a drive 
pulse for the piezoelectric element. 

27. The ink jet recording head as set forth in claim 22. 
wherein a wiring lower electrode is provided for 
each piezoelectric element on the peripheral wall 
on which the discontinuous lower electrode is pro- 
vided discretely from the discontinuous lower elec- 
trode. 

28. The ink jet recording head as set forth in claim 22, 
wherein the discontinuous lower electrode is sepa- 
rated for each active part in the width direction of 
the pressure generating chamber and each is con- 
nected to either the upper electrode of the corre- 
sponding active part or a lead electrode connected 
to the top of the upper electrode. 

29. The ink jet recording head as set forth in claim 28, 
wherein each discontinuous lower electrode and 
the lower electrode have a spacing to such an 
extent that they can be insulated from each other. 

30. The ink jet recording head as set forth in claim 28, 
wherein an intermediate electrode having no con- 
nection with any parts is provided between the jux- 
taposed discontinuous lower electrodes. 

31. The ink jet recording head as set forth in claim 22, 
wherein the piezoelectric layer is left at least in a 
part of the removed portion of the lower electrode 
situated in other than the area corresponding to the 
piezoelectric element 

32. The ink jet recording head as set forth in claim 1 . 
wherein a remaining part made of the same layer 
as the lower electrode is provided on the partition 
on both sides of the pressure generating chamber 
in the width direction thereof. 

33. The ink jet recording head as set forth in claim 32, 
wherein outside the end portion of the lower elec- 



trode of th active part, a discontinuous lower elec- 
trode discontinuous with the lower electrode, and 
wherein the remaining part is extended continu- 
ously from the discorrtinuous lower electrode. 

5 

34. The ink jet recording head as set forth in claim 32 
wherein the remaining part is provided continuously 
with the lower electrode forming a part of the piezo- 
electric element. 

10 

35. The ink jet recording head as set forth in daim 32. 
wherein spacing between an end face in the width 
direction of the lower electrode and an end face in 
the width direction of the remaining part is wider 

15 than the thickness of the piezoelectric layer and is 
narrower than the width of the lower electrode. 

36. The ink jet recording head as set forth in daim. 32 
wherein an longitudinal end portion of the piezoe- 

20 lectric layer is situated in the proximity of the end 
portion of the pressure generating chamber the 
side of which the lower electrode is extended to the 
top of the peripheral wall, and 
wherein the distance from that end portion to a part 

25 where the lower electrode extended to the outside 
becomes wider is wider than the thid<ness of the 
piezoelectric layer and is narrower than the width of 
the lower electrode. 

30 37. The ink jet recording head as set forth in daim 32. 
wherein the remaining part has a width which is 
50% or more of the width of the partition between 
the adjacent pressure generating chambers. 

35 38. The ink jet recording head as set forth in daim 32, 
wherein the lower electrode and the remaining part 
are formed in an area having a width of 50% or 
more of the area corresponding to the pressure 
generating chambers placed side by side and the 

40 partitions on both sides of the pressure generating 
chambers in the width direction thereof. 

39. The ink jet recording head as set forth in daim 32, 
wherein the lower electrode and the remaining part 

45 are formed in an area of 50% or more of all area of 
the channel substrate. 

40. The ink jet recording head as set forth in claim 1 , 
wherein the crystalline structure of the piezoelectric 

50 layer on the lower electrode is the same as that on 
the insulating layer 

41. The ink jet recording head as set forth in daim 40. 
wherein crystal seeds becoming nuclei of crystal of 

55 the piezoelectric layer are formed on a surface of 
the insulating layer 

42. The ink jet recording head as set forth in daim 41 



21 



41 



EP0976 560 A2 



42 



wherein the crystal seeds are formed like islands. 

43. The ink jet recording head as set forth in daim 5, 
wherein a second insulating layer is provided on the 
outside of the end portion of the lower electrode. 

44. The ink jet recording head as set forth in claim 43, 
wherein the second insulating layer has substan- 
tially the same film thickness as the lower electrode. 

45. The ink jet recording head as set forth in claim 43, 
wherein the second insulating layer is made of an 
insulating material different from that of tiie insulat- 
ing layer. 

46. The ink jet recording head as set forth in claim 5. 
wherein the insulating layer includes a thick portion 
situated on the outside of the end portion of the 
lower electrode. 

47. The ink jet recording head as set forth in claim 46, 
wherein the thick portion has substantially the 
same thickness as the lower electi-ode. 

48. The ink jet recording head as set forth In claim 5, 
wherein a tapering portion where film thickness of 
the lower electrode is gradually decreased toward 
the outside of the active part is provided at the end 
portion of the lower electrode. 

49. The ink jet recording head as set forth in claim 4d, 
wherein the tapering portion forms a slope where 
the film thickness of the lower electrode is gradually 
decreased. 

50. The ink jet recording head as set forth in claim 48, 
wherein the tapering portion is a part where the film 
thickness of the lower electrode is gradually 
decreased stepwise. 

51. The ink jet recording head as set forth in claim 48, 
wherein the tapering portion forms a slanting 
curved surface where the film thickness of the lower 
electrode is gradually decreased continuously. 

52. The ink jet recording head as set forth in claim 48, 
wherein the piezoelectric layer formed on the taper- 
ing portion is thicker tiian any other portion. 

53. The ink jet recording head as set forth in daim 5. 
wherein both longitudinal end portions of the active 
part are formed into a similar structure. 

54. The ink jet recording head as set forth in daim 5, 
wherein end portions of the piezoelecb-ic layer and 
the upper electrode define a distal end of the active 
part which Is opposed end to the end continued to 
the inactive part and 



wherein the distal end is covered wrth a discontinu- 
ous piezoelectric layer discontinuous with the pie- 
zoelectric layer. 

5 55. Th ink jet recording head as s^ forth in claim 5, 
wherein end portions of the piezoelecti'ic layer and 
the upper electrode define a distal end of the active 
part which is opposed end to the end continued to 
the inactive part, and 

10 wherein the distal end is fixed with an adhesive. 

56. TTie ink jet recording head as set forth in claim 1 . 
wherein the pressure generating chambers are 
formed in a silicon rrronocrystalline substrate by 
IS anisotropic etching, and 

wherein the lower electrode, piezoetectric, and 
upper electrode layers are formed by film formation 
and lithography method. 

20 57. An ink jet recording apparatus comprising an ink jet 
recording head as set forth in any of daims 1 to 56. 
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